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Peritrate with Nitroglycerin (an uncoated. sublingual tablet which 
disintegrates immediately) contains 1/200 gr. nitroglycerin plus 10 mg. 
Peritrate. It provides immediate relief of anginal pain with hours of 
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In Hypocalcemic Tetany 


Hytaherol 


—increased safety and undiminished 
effectiveness for continuous treatment— 


Since hypocalcemic tetany—usually the result of parathyroid 
deficiency—may require treatment for years, effective oral therapy with 
Hytakerol is superior to other methods. 


Hytakerol increases absorption of calcium from the intestine and can be 
taken with undiminished effectiveness, indefinitely. 


For prophylaxis following DOSAGE: Orally from 3 to 10 cc. (or 


thyroidectomy and for from 6 to 20 capsules) daily until 
, en tetany is relieved; weekly maintenance 
chronic hypoparathyroidism, dose from 1 to 7 ce. (or from 2 to 14 


**...dihydrotachysterol.. . capsules) depending upon the blood 


has proved to be the most and urine calcium levels. From 10 to 


uable rem 1 15 Gm. calcium lactate or gluconate 
valuable edy... should be given daily as supplement 


‘Dihydrotachysterol . . . through the period of therapy. 
is of great therapeutic value SUPPLIED: Hytakerol in Oil, bottles of 


in most cases of both 15 cc. 
normocalcemic and Hytakerol Capsules (each equivalent 


hypocalcemic tetany 2 to 0.5 cc.), bottles of 50. 
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This detailed analysis of the clinical, laboratory and pathologic characteristics of 221 cases of post- 
necrotic cirrhosis brings out several points of interest. It would appear that there has been a sub- 
stantial increase in the incidence of this form of cirrhosis in the past decade. This presumably is 
related to the increased incidence of viral hepatitis, both orally and parenterally transmitted, al- 
though apparently usually at a subclinical level since only one-fourth of the patients gave a history 
of antecedent jaundice, and this often many years before. The incidence of primary hepatic car- 
cinoma was unexpectedly high (14 per cent), indeed higher than with Laennec’s cirrhosis. Demise 
resulted more frequently from intercurrent infection and portal hypertension with gastrointestinal 
hemorrhage than from hepatic failure. These and other interesting (and sometimes unanticipated) 
findings emphasize the changing picture of postnecrotic cirrhosis, as herein defined. 


Circulatory Changes in Chronic Liver Disease 
Joun F. Murray, A. M. Dawson AND SHEILA SHERLOCK 358 


This paper admirably ties together a number of loose ends, each in itself long puzzling, relating to the 
effects of chronic liver disease on the circulatory dynamics. The association of increased cardiac 
output with portal cirrhosis, in a substantial proportion of cases, is confirmed; significantly, the 
cardiac index remains within normal limits in patients with biliary cirrhosis or extrahepatic portal 
vein obstruction. The implications of this circulatory abnormality are discussed. The significance of 
increased plasma volume and of low arterial oxygen saturation, occasionally encountered in pa- 
tients with portal cirrhosis, also is considered, and the possibility of shunting of blood through 
pulmonary arteriovenous anastomoses discussed in some detail. Of added interest are the authors’ 
remarks concerning possible relationships between these circulatory derangements and the appear- 
ance of clubbing of the fingers and of spider angiomata. There is much food for thought in this il- 
luminating study. | 
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A discussion of the manifold causes, not always clearly definable, of azotemia in patients with dia- 
betic acidosis, with an account of three particularly obscure cases. 
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Whats wrong with the term 
“emptying of the gallbladder’? 


The gallbladder discharges bile by fractional evacuation. It is not 
emptied completely at any one time even following a fatty meal. 


Source — Lichtman, S. S.: Diseases of the Liver, Gallbladder and Bile Ducts, ed. 3, 
Philadelphia, Lea & Febiger, 1953, vol. 2, p. 1177. 


routine physiologic support for “sluggish” older patients 


DECHOLIN® one tablet t.i.d. 


therapeutic bile 


increases bile flow and gallbladder function—combats bile stasis 
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corrects constipation without catharsis—prevents colonic dehydra- 
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of ‘Twenty-nine Episodes (‘Twenty-six Patients) 
HELEN EastMAN MARTIN, KENDRICK SMITH AND Mary Lu WILSON 


‘This study is another attempt to work out a general plan of water and electrolyte replacement in 
the treatment of severe ketoacidosis. In respect to osmolarity of the serum, the prevalence of hyper- 
osmolarity in patients upon hospital admission indicates the predominant need for water. The 
requirements for sodium, potassium, chloride, bicarbonate and phosphate are then successively 
considered and average intakes are suggested for the early, more acute phases of management. The 
authors find that these requirements can best be met by infusion of 2 to 3 L. of combined M ‘6 so- 
dium lactate and 0.9 per cent saline solution, followed by 3 to 4 L. of Butler’s solution, with such 
additional potassium and phosphate supplements as are indicated in individual cases. 
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The authors have had a large experience with Tay-Sachs disease and give an informative descrip- 
tion of the clinical course, pathological characteristics and laboratory findings. Of interest is their 
observation that the serum aldolase becomes elevated as the disease progresses to the development 
of muscle atrophy, and that the serum glutamic-oxalacetic acid transaminase is consistently in- 
creased throughout, apparently an expression of ganglion disintegration. These biochemical 
abnormalities may have pathogenic as well as diagnostic implications. 
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Pulmonary Embolism and Infarction. A Review of the Physiologic Consequences of. 


Pulmonary Arterial Obstruction. . BRENT M. PARKER AND JOHN R. SMITH 


It is quite astonishing that a subject of such clinical importance as pulmonary embolism and in- 
farction has been so little considered in the integrated form of this review. If this neglect arises 
from the apparent simplicity of the physiologic problems involved, such a notion will soon be dis- 
pelled by perusal of this study of the experimental and clinical aspects of the subject. The authors 
begin with a concise précis of the sites of origin of pulmonary emboli in man. They then review the 
results of experimental embolization of the lungs in animals (distinguishing the effects of large, 
medium-sized and miliary emboli, and of embolization per se and resultant infarction). The clinical 
manifestations first of pulmonary embolism, then of pulmonary infarction are discussed, again 
with these distinctions clearly made. A final chapter briefly comments on management, stressing 
the importance of prevention. The review is well documented throughout. 
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Study of the impact of diseases of the liver on the metabolic processes within the liver, and conse- 
quently on the body as a whole, is still in its early stages but already has proved most rewarding. 
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This is evident from Dr. Bondy’s contribution, which deals particularly with the effects of reduction 
in liver mass and capacity, notably in advanced cirrhosis, on the metabolism of glucose, amino 
acids and lipids. The discussion, wherever possible, is in terms of basic metabolic pathways and 
enzyme activities, and how disturbances in these are expressed clinically and in the usual blood 
analyses and results of “liver function” tests. The paper gives an enlarged perspective of the com- 
plexity of liver functions and of the effects of their derangement. 
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RicHARD O. Bicks, MosHe B. GOLDGRABER AND JOSEPH B. KIRSNER 


An interesting and thought-provoking case which illustrates several inadequacies of current con- 
cepts of the so-called collagen diseases. In this instance typical manifestations of chronic ulcerative 
colitis preceded onset of symptoms and signs variously indicative of several more or less distinct 
members of the ‘collagen disease” group, eventuating in a picture most conveniently classified as 
generalized scleroderma. The case suggests either that scleroderma and non-specific ulcerative 
colitis may occur concurrently or that scleroderma occasionally may simulate ulcerative colitis. 
Available evidence does not convincingly support the view that non-specific ulcerative colitis 
should be included in the category of “collagen diseases,” as currently defined. 


Bilateral Adrenal Hemorrhage Complicating Dicoumarol Therapy for Myocardial 


Suggestive but not conclusive evidence is offered that in the case described death was due to 
bilateral adrenal hemorrhage, part of a widespread hemorrhagic state complicating dicoumarol 
therapy. 


Macroglobulinemia of Waldenstr6m . . . . . . .  . AVINOAM ZLOTNICK 


An interesting case. 


Organic Phosphate Insecticide Poisoning. Residual Effects in Two Cases 
CHARLES S. Petry 


Dr. Petty makes his point convincingly, that multiple exposure to certain organic phosphate 
insecticides, with marked anticholinesterase properties, may lead to permanent and disabling 
nerve damage. The practical and diagnostic implications need no emphasis. 
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Corrin, K. M.: Am. Pract. r Dig. Treafment 8: 721 
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Chronic Pulmonary Insufficiency Secondary to Silo-Filler’s Disease 
Gitpert M. P. Lets, W. N. Davis, TRAVE BROWN AND MARK McCQUIGGAN 
An interesting example of the unusual disease which results from exposure to the nitrogen dioxide 


present in silage gas. Pulmonary function studies and clinical evaluation three years after exposure 
revealed irreversible pulmonary insufficiency. 


Sjégren’s Syndrome. Review of the Literature and Report of a Case with Achalasia of 


While much has been written about Sjégren’s syndrome (rheumatoid arthritis, keratoconjunctivitis 
sicca, parotitis), this account will be found instructive. 


Effects of Hypophysectomy and of Amphenone Administration in a Child with Func- 
tioning Metastatic Adrenal Carcinoma 

EpNA H. Soper, E. RENoLD, JoHN E. BETHUNE, JoseEPH J. HoeEr, 

J. Reppy AND GEORGE W. THORN 


A detailed report of a patient with functioning metastatic adrenal carcinoma treated, among other 
ways, with amphenone. Such clinical response as was obtained was transitory but gave opportu- 
nity for further study of the suppressive effect of this agent on adrenal cortical function. 
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(norethindrone, Parke-Davis) 
oral progestogen with unexcelled potency and unsurpassed efficacy 


In obstetric complications amenable to progestational therapy, the clinical effects 
of injected progesterone can now be produced by small oral doses of NORLUTIN. 
For example, one investigator reports that 20 of 21 patients treated for threatened 
abortion appeared to benefit from administration of NORLUTIN.* 


CASE SUMMARY* A 39-year-old married woman with a history of slight dysmenorrhea 
and staining intermittently superimposed on a regular 28-day cycle was placed on a 
regimen of stilbestrol. Staining recurred in spite of increasing dosage. Nearly two months 
after institution of this therapy a pregnancy of 16-weeks duration was discovered. Spot- 
ting continued during the following two weeks. Stilbestrol was then discontinued and 
treatment with NORLUTIN begun. Staining ceased 3 days after beginning treatment with 
NORLUTIN. The pregnancy continued uneventfully to full term when she gave birth to 
a healthy male infant weighing 6 pounds, 5 ounces. 

INDICATIONS FOR NORLUTIN: Conditions involving deficiency of progestogen such as 
primary and secondary amenorrhea, menstrual irregularity, functional uterine bleeding, 
endocrine infertility, habitual abortion, threatened abortion, premenstrual tension, and 
dysmenorthea. 


PACKAGING: 5 mg. scored tablets (C. T. No. 882), bottles of 30. 
*Abramson, D.: Personal communication. 
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ease and certainty of control 

no nausea, vomiting, or vasomotor instability 
low incidence of bleeding 
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_ focus on peptonized iron 
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to the gastric mucosa as 

| ferrous sulfate.) 
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Absorbed as well as ferrous sulfate. 
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e Since SULFATHALIDINE is virtually nonabsorbable, its 

antibacterial effect is concentrated in the gut. 


e SULFATHALIDINE has specific value as an adjunct in ulcerative colitis. 
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Emotional stress is a serious 
threat to an already 
diseased heart. Thoracic 
muscular tension simulating 
cardiac pain is an added 
source of apprehension. 


Anxiety may precipitate 
tachycardia, various 
arrhythmias, coronary 
insufficiency, and increased 
cardiac decompensation. 


‘Miltown’ relaxes both 
mind and skeletal muscle. 
Therapeutic management 
with ‘Miltown’ (200 mg. 
q.i.d.) “definitely reduced 
nervous tension and 
anxiety” in all patients 
(80 cases), and enhanced 
recovery from acute cardiac | 
episodes in many cases.” 


* Waldman, S. and Pelner, L.: Management of anxiety associated 
with heart disease. Am. Pract. & Digest Treat. 8:1075, July 1957. 
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Peri-Colace 


Peristaltic stimulant-stool softener, Mead Johnson 
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bowel motility is inadequate, Peri- 
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or syrup. 


Colace 


Dioctyl sodium sulfosuccinate, Mead Johnson 


When stools need softening but bowel 
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ify capsules, syrup or liquid (drops). 


Advice on Constipation leaflets are available 
in two versions: Colace (Lit.801); Peri-Colace 
(Lit. 802) — to save you time in instructing 
patients. For your copies, you are cordially 
invited to ask your Mead Johnson Represent- 
ative or write to us, Evansville 21, Indiana. 
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LIPO GANTRISIN « 


... and you can be sure that your patients will have prompt, lasting 
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a day are sufficient to combat most urinary and systemic infections of 
non-viral — non-rickettsial origin. 


ROCHE LABORATORIES * DIVISION OF HOFFMANN-LA ROCHE INC * NUTLEY 10 © N. J, 


Lipo Gantrisin® Acetyl—brand of acetyl sulfisoxazole in a homogenized mixture 
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in toxemia 


pregnancy 


nonmercurial 


diuretic 
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of clinical experience continue 


to substantiate the advantages of 


the total thyroid complex 
provides all of the fractions of thyroid secretion, 


from the most potent natural source 


fresh hog thyroid. the superior animal source. 


in physiologically uniform potency 
all fractions naturally proportioned 
to normalize all facets of thyroid function 


doubly assaved 
chemically: for iodine and thyroxine iodine: 
biologically: for metabolic potency and goiter prevention, 


highly purified 
purified thyroglobulin (freed of 90° of 
extraneous, inert tissues). 


stable indefinitely 
no deterioration of potency in 7 years of shelf life. 


with uniform potency 
double assay assures a smooth. predictable clinical response. 


flexible dosage 
5 tablet sizes (44. Ye. 1. 142 and 5 gr.) 
give precision and convenience on every dosage level. 


safe. economical lifetime therapy 
time-proven safe for maintenance of 
a normal euthyroid-like state. 


PROLOID 


the improved thyroid 
is prescribed in the same dosage as 
ordinary thyroid and is available 


in %, 1, and 5 grain 


tablets as well as powder. 


WARNER -CHILCOTT 


= 


new 


skeletal 
muscle relaxant 


specific for painful muscle spasm 


arthritic - rheumatic +» traumatic 


a 


a new skeletal muscle relaxant 
for long-lasting relief 
with practical dosage 


Chlorzoxazonet 


PARAFLEX Chlorzoxazone is 5-chlorobenzoxazolinone, a completely new skeletal muscle 
relaxant. Acting on the spinal cord, PARAFLEX selectively depresses the multisynaptic 
reflex arcs which maintain painful muscle spasm. In the treatment of arthritic, rheu- 
matic or traumatic disorders in which spasm is present, PARAFLEX provides the physi- 
cian with an unmatched combination of specific, practical and clinically important 
advantages. 


effe clive action Clinicians report: PARAFLEX was found to be a most eflective 
muscle relaxing drug.' Improvement was noted in advanced osteoarthritis involving 
the spine as measured by decrease in muscle spasm and lessening of pain.? Symptoms 
were at least partially alleviated in all patients treated.’ ‘Therapy with PARAFLEX pro- 
vided gratifying relief —no side eflects were noted.* 


long-lasting relief An investigator reports on 148 cases: In most patients, the 
beneficial effects of PARAFLEX persisted for approximately six hours.' 


praci 1Ca [ dosage Dosage of PARAFLEX is usually only one or two tablets, three 
or four times a day. In experimental studies, PARAFLEX was from one and one-half to 
three times as potent as other commonly used muscle relaxants. 


side ef fec ‘s yare Inacomprehensive study, not one of 148 patients treated with 
PARAFLEX had to discontinue therapy because of side effects.! To date no side reactions 
have been encountered.’ Side effects are uncommon and seldom severe enough to 
require discontinuation of the drug.’ 


all 


Clinical results with PARAFLEX 


lavestigater Disorder Number of Numberof Comment 
Patients Treated Patients Benefited 

Wiesel? advanced osteoarthritis 12 10 less muscle spasm and pain 

Holley? wry neck, cervical spondylitis, 10 10 improvement, ranging from some 
and disc syndrome - amelioration of symptoms to 

profound relief 

Settel* acute low back pain, acute 15 14 response excellent in nine, good 
traumatic myofascitis, or in five 
osteoarthritis 

Passarelli* degenerative and rheumatoid 9 9 -  jmprovement, with less stiffness 
arthritis and freer motion 

Passarelli® varied arthritic, rheumatic, and 6 6 less stiffness, less pain 


traumatic disorders 


Totals: 52 49 


dosage PARAFLEX is administered orally in the form of 250 mg. scored tablets. Relief may frequently 
be obtained on a dosage of one tablet (250 mg.) three or four times a day. Initial dosage for severe 
muscle spasm should be two tablets (500 mg.) three or four times a day. If adequate response is not 
obtained with this dose, it may be increased to three tablets (750 mg.) three or four times a day. As 
improvement occurs, dosage can usually be reduced, 


Brochure available on request. 


supplled Tablets, scored, orange, bottles of 50. Each tablet contains PARAFLEX, 250 mg. 


references 1) Smith, R. ‘T., to be published. 2) Wiesel, L. L., Personal communication. 3) Holley, 
H. L., Personal communication. 4) Settel, E., Personal communication. 5) Peak, W. P, and Smith, 
R. T., to be published. 6) Passarelli, E. W., Personal communication, 


*Trade-mark 
7U.S. Patent Pending 


INC. PHILADELPHIA 82, PA. 173488 
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Announcing a new 
anorexigeni¢c specific 
not a CNS stimulant 


““5 times safer (LD/50) than d-amphetamine’” 


a+ 


(brand of 1-pheny!l-2-aminopropane alginate,t Nordmark) 


LEVONOR (1l-phenyl, 2-aminopropane alginate, 
Nordmark) is a new anti-hunger compound that offers a 
sounder, more effective and more comfortable approach 
to weight reduction. It has proved remarkably successful 
in securing cooperation of patients on restricted diets. 


LEVONOR...the appetite suppressant 
that can be given as late as 8 p.m. 


does not interfere 
with sleep 


In a study' of its effects on 173 over- 
weight patients, “none of the patients 
complained of loss of sleep. In fact 
when 5 mg. of LEVONOR was given at 
& p.m. no interference with sleep was 
noted; night hunger was markedly 
diminished.” This is a unique advan- 
tage since it is in the evening when 
most obese patients are tempted to 
break their diet. 


no CNS overstimulation 


LEVONOR has no effect on the mood of 
the patient. It does not overstimulate 
the cerebral cortex, thus avoiding jit- 
teriness, tenseness, nervousness and 
disturbance of sleep. 


depression of appetite 
is its primary effect 


Unlike d-amphetamine, LEVONOR is not 
a central nervous system stimulant— 
its primary effect is to depress the ap- 
petite. Impressive results, even with 
late evening doses, are obtained with- 
out the addition of sedatives.’ 


five times safer than 
dextro-amphetamine 


LEVONOR’s much greater safety 
(LD/50) and, concomitantly, its far 
greater freedom from side effects have 
been striking findings in extensive tox- 
icity studies.' 


here are typical clinical 


results with LEVONOR: 
STUDY NO. 1' 
Number of patients. ... . 173 
Average daily dose . . 2-3 tablets 
(5 mg. each) 
Average duration of 
Average weekly weight 
*Minimized by dosage adjustment 
STUDY NO. IP 
Number of patients. ... . 52 
Average daily dose . . 2-3 tablets 
(5 mg. each) 
Average duration of 
Average weekly weight 


*Adjusted with dosage 


economy and low dosage of 
LEVONOR make it possible to 
administer this drug long enough 
to favorably alter the patient’s 
eating habits. 


Administration and Dosage: 


Average dose: 5 to 10 mg. twice 
daily. | 


Bibliography 


1. Se. Exhibit, N. Y. State Med. Meeting, Feb. 
18-21, 1957. 

2. Pomeranze, J.: Report 807: 1957. 

3. Frohman, I. P: Report 315: 1957. 

4. Dwyer, Thomas: Report 912: 1957. 

5. Gadek, R. J.: Report 186: 1957. 

6. Se. Exhibit, Mich. State Med. Soc. Meeting 
Sept. 25-27, 1957. 


*Patent Pending °Trademark 


NOR DM ARK Pharmaceutical Laboratories, Inc., Irvington, N. J. 
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make poor eaters want to 


aa “COME AND GET IT” 


CYANOCOBALAMIN [CRYSTALLINE VITAMIN 5) 


REDISOL— vitamin B:.—used as a dietary supplement often 

stimulates appetite with consequent weight gain—youngsters 

look forward to their meals again. 

Cherry-flavored REDISOL Elixir (5 meg. per 5 cc.) and solu- 

& ble REDISOL Tablets (25, 50, 100, 250 mcg.) mix readily with 
liquids. 


MERCK SHARP & DOHME 


DIVISION OF MERCK & CO., Inc., PHILADELPHIA 1, PA, 


Redisol is a trade-mark of Merck & Co., Ine. 


HEAD COLD 


PHENAPHEN PLUS 


Phenaphen Plus is the physician-requested each coated tablet contains: Phenaphen 


mbination of Phenaphen, plus an anti- Pnrenacetin (3 9 
combinat P Acetyisalicylic Acid (2¥%gr.) . 162.0 mg. 


histaminic and a nasal decongestant. Phenobarbital (% gr.) . . . . 16.2 mg. 


Hyoscyamine Sulfate .. . . 0.031 mg. 

pilus 

y Prophenpyridamine Maleate. . 12.5 mg. 

Available on prescription only. | e/ Phenylephrine Hydrochloride . 10.0 mg. 
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Achrostatin 


TETRACYCLINE (PHOSPHATE-BUFFERED) AND NYSTATIN 


Combines ACHROMYCIN V with NYSTATIN 


Le derle 


— 
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HELPS 
PALSIED 
PATIENTS 
“LIVE 
AGAIN” 


COGENTIN 


METHANESULFONATE (BENZTROPINE METHANESULFONATE) 


rated the best single drug 
for the palsied patient ' 


COGENTIN is a trade-mark of Merck & Co., Ine. 


¢ Well tolerated and highly effective, COGENTIN 
“should be added to the treatment program of every 
patient with paralysis agitans,”’* 

* COGENTIN gives maximal symptomatic relief in all 
types of parkinsonism—whether postencephalitic, 
idiopathic, or arteriosclerotic. 

¢ COGENTIN provides highly selective action such as 
no other current drug affords. It is often of benefit 
in rigidity, muscle spasm, even in severe tremor.* 
The contracture of parkinsonism is relieved and 
posture is improved.* 

¢ With the help of COGENTIN, therapy with 
tranquilizers can often be continued in patients 

in whom trembling would otherwise force 
reduction or withdrawal. 


As COGENTIN is long-acting, one dose daily may be 
sufficient. 

Supplied: as 2 mg. quarter-scored tablets in bottles 
of 100 and 1000. 


1. M. Clin. North America 38 :485 (March) 1954. 2. J.A.M.A. 162:1031, 
1956. 3. J.A.M.A. 156 :680, 1954. 4. Yale J. Biol. & Med. 28 :308, 1955/56. ~ 


MERCK SHARP & DOHME 


DIVISION OF MERCK & CO., Inc., PHILADELPHIA 1, PA. 
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Always in the physician's bag 


... ready for action 


SPARINE Should always be on hand for the patient in 
psychic crisis. In the medical emergency, 

it relieves acute apprehension and modifies the 
patient’s response to pain. In overactivity or 
aggressiveness, SPARINE rapidly calms the 

patient and encourages cooperative 

behavior. To simplify the management of 

these difficult patients, always carry SPARINE. 


SPARINE provides prompt control 

by intravenous injection, effective maintenance 

by both the intramuscular and oral 

routes, and is well-tolerated in all three aS 


methods of administration. SPARINE 


does not cause liver damage, - 
parkinsonian-like syndrome; only rarely 
have blood dyscrasias or seizures 

been reported. 


HYDROCHLORIDE 


Promazine Hydrochioride 


INJECTION 
TABLETS 
SYRUP 


EQUANIL” 
Meprobomate 


PHENERGAN* HCI 


Promethazine HC! 


SPARINE HCi 
Promazine HC! [Ain] 
A Wyeth normotropic drug for “4 
nearly every patient under stress Philadelphia 1, Pa. 


Comprehensive literature supplied on request 
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The combination of declining gonadal function and increased vulnerability 
' to malnutrition conspire to accelerate the aging process. You can protect the 
aging patient by prescribing a “Clusivol” Geriatric capsule daily. 


There are four important features of “Clusivol” Geriatric: 


1, Vitamins — 12 important nutritional supplements, notably vitamins A 
and D, the factors of the B complex, and vitamin C. 


Minerals and trace elements — 10 protective factors to ensure optimal 
blood and bone building. 


Amino acids — lysine and methionine, key amino acids usually lacking 
in finicky geriatric diets. 


Gonadal steroids — estrogen and androgen in small quantities to restore 
the integrity of the body mechanism. 


: No. 294 — Capsules, bottles of 100 and 1,000. 


potent nutritional elements with steroids 


Ayerst LABORATORIES * New York 16, N. Y. © MONTREAL, CANADA 
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in common 
mixed 
infections 
... tetracycline 
phosphate 
alone 


in potentially 
serious 
infections 
... tetracycline 
phosphate 
plus 
novobiocin 


for the 
7 monilia- 
susceptible 


types 
... tetracycline 
phosphate 


plus 


DICTATES 
THE 
CHOICE 
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in common 
mixed 
infections 
... tetracycline 
phosphate 
alone 


in potentially 


serious 
infections BREADTH OF 
, PANMYCIN PHOSPHATE PLUS 
N A BA THE ANTIMICROCOCCAL 
pnospnate DEPTH OF ALBAMYCIN' 
plus for children: Offers maximum antimicrobial 
ies" action at the earliest 
novobiocin PANALBA KM possible moment. The 
antibiotic preparation of first 
oe resort in pneumonia of | 
Granules 
multiple furunculosis, 
cellulitis, and infections 
resistant to previous therapy. 
for the U. 5. PAT. OFF. THE UPJOHN BRAND OF CRYSTALLINE NOVOSIOCIN SODIUM 
susceptible § 
types 


... tetracycline 
phosphate 
plus 
nystatin 


THE CHOICE OF A 
SYSTEMIC ANTIBIOTIC 
IS A MATTER OF 
CLINICAL JUDGMENT 


1. PANMYCIN PHOSPHATE IN 


COMMON MIXED INFECTIONS 


USUAL DOSAGE: ADULTS: 250 mg. every 6 hours or 500 mg. every 12 hours. CHILDREN: 
Approximately 8 mg. per pound of body weight daily, in four equally divided doses every 
6 hours, or two equally divided doses every 12 hours. 


SUPPLIED: CAPSULES: 250 mg. in bottles of 16 and 100; 125 mg. in bottles of 25 and 100. 


PANMYCIN KM SYRUP: Each teaspoonful (5 cc.) contains tetracycline equivalent to 125 
mg. tetracycline hydrochloride, and potassium metaphosphate, 100 mg., mint 
flavor, in 2 fluidounce and pint bottles. 


IN POTENTIALLY 
SERIOUS INFECTIONS 


USUAL DOSAGE: ADULTS: 1 or 2 capsules three or four times a day, depending on the type 
and severity of the infection. CHILDREN: Proportionately less. 


SUPPLIED: Each powder-blue-and-brown capsule contains Panmycin (tetracycline) 
Phosphate complex equivalent to 250 mg. tetracycline hydrochloride, and Albamycin 
(as novobiocin sodium) 125 mg.; in bottles of 16 and 100. 


Also available: PANALBA KM GRANULES (Pediatric). When reconstituted, each 5 cc. 
teaspoonful contains Panmycin equivalent to tetracycline hydrochloride, 125 mg. and 
Albamycin (as novobiocin calcium) 62.5 mg., and potassium metaphosphate 100 mg.; in 
pleasantly flavored vehicle. Dosage is based upon amount of tetracycline—6 to 8 mg. per 
pound of body weight per day in 2 to 4 equally divided doses. 


COMYCIN FOR THE MONILIA- 
SUSCEPTIBLE TYPES 


USUAL DOSAGE: ADULTS: 1 or 2 capsules every 6 hours. CHILDREN: Proportionately less. 


SUPPLIED: Each brown-and-pink capsule contains tetracycline phosphate complex, equiv- 
alent to 250 mg. tetracycline hydrochloride; nystatin 250,000 units. In bottles of 16 


and 100. 


Upjohn 


The Upjohn Company, Kalamazoo, Michigan 


HYPE RTENSIVE...yet controlled 


with safer combination therapy 


“objective relief... gratifying” 


Rauvera—the combination of alseroxylon 
and alkavervir—is much more effective 
than either drug alone. This combination 
produces “no postural hypotension, no 
organ toxicity, and no sensitization 
reactions. Tolerance does not develop on 
prolonged administration... hypotensive 
action is steady and prolonged and 
persists over the entire twenty-four 
hours.”' Rauvera therapy can be 
continued over long periods of time. 


“subjective relief...even more so’” 


Alseroxylon and alkavervir “‘when 
combined produce mutual reinforcement 
so that... more severe cases respond,” yet 
‘*side effects are minimal.’*? Most 
patients feel better, are less tired and are 
free from headaches.® Anxiety and 
tension are relieved...pulse rate 
slowed...such symptoms as “‘heart 
consciousness,” tinnitus, vertigo, 
giddiness and insomnia disappear rapidly 
—leaving a calm and relaxed patient. 


RAUVE RA’ 


1 mg. alseroxylon—3 mg. alkavervir in each scored tablet. 
1. Bendg, A.. New York State J. M. 66.2523, 1956. 2. La Barbera, J. F.:.Med. Rec. and Ann. $0:242, 1956. 3. Gilchrist, A. R.: Brit. M. J. No. 11011, 1956. 


SMITH-DORSEY : a division of The Wander Company + Lincoln, Nebraska 
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“an ideal compound 


for use common 


urinary tract infections.”* 


Azo Gantrisin provided “prompt and effective clearing 
of organisms and pyuria”* plus “dramatic relief of blad- 
der and urethral symptoms”* in 221 (97%) of 228 
patients with urinary tract infections. 


Azo Gantrisin is particularly useful in the treatment 
of cystitis, urethritis and prostatitis. It is equally val- 
uable following urologic surgery, cystoscopy and cathe- 
terization because it provides effective antibacterial 
action plus prompt pain relief. 


AZO GANTRISIN ® —500 mg Gantrisin (brand of sulfisoxazole) 
plus 50 mg phenylazo-diamino-pyridine HCl 


*F. K. Garvey and J. M. Lancaster, North Carolina M. J., 18:78, 1957. 


AZO GANTRISIN 


ROCHE LABORATORIES 
DIVISION OF HOFFMANN-LA ROCHE INC « NUTLEY * N.J. 
ORIGINAL RESEARCH IN MEDICINE AND CHEMISTRY 
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overwhelmingly specified 
by generalists and specialists 


METICORTEN 


a standard steroid 
overwhelmingly acclaimed 


by ... Internists in rheumatoid arthritis, rheumatic fever and 
systemic lupus erythematosus 


... Allergists in urticaria, angioedema, drug reactions and 
allergic rhinitis — 


... Ophthalmologists in uveitis, choroiditis and chorioretinitis 


... Dermatologists in pemphigus, erythema multiforme, atopic 
eczemas and contact dermatoses 


... Chest Physicians in bronchial asthma, pulmonary fibrosis 
and emphysema 


and by general practitioners for virtual absence 
of salt retention 


-_ 1, 2.5 and 5 mg. white tablets 
SCHERING CORPORATION NEW JERSEY 


| 


for use 


Symptomatic relief of aches, pains, fever, coryza, and rhinorrhea 


with upper respiratory tract infections 


Prevention of secondary pyogenic infections due to tetracycline sensitive © 


ganisms — which often follow viral infections of the upper respiratory tract 


sristo) LABORATORIES INC. SYRACUSE. NEW YORK 
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in “flu,” ‘“grippe,” “virus” and the common cold 


TETRACYCLINE PHOSPHATE COMPLEX WITH PHENYLTOLOXAMINE AND APC 


Adults: 2 capesies at onset of symptoms, followed by 2 capsules 3 or 4 
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brand of prednisolone 


AK patients on STERANE can regain an ability to 
“go places and do things”— unsurpassed by previous corticoids — 
with minimal incidence of mineralocorticoid complications. 


White, scored 5 mg. tablets (bottles of 20 and 100); 
pink, scored 1 mg. tablets (bottles of 100). 


PFIZER LABORATORIES, Brooklyn 6, New York 


Division, Chas. Pfizer & Co., Inc. 
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Plus benefit for antihypertensive patients 


CIBA antihypertensive agents 
reduce cholesterol 
levels 


Reports of the cholesterol- and lipoprotein-reducing 
properties of Serpasil, Apresoline and the ganglionic 
blockers have come from several groups of Investi- 
gators. Corcoran et al. noted that atherosclerotic 
complications were less common in those with good 
responses to antihypertensive treatment than those 
with fair or poor response. Under Apresoline ther- 
apy, the average depression of cholesterol in 112 
unselected hypertensive patients was 29 mg.; “. . . 
among the 66 with high control levels the fall was 
48.2 mg. in the first six months, and thereafter 
43.5 mg. per 100 ml. of plasma.”? Within a group 


of 9 geriatric patients given reserpine, “. . . seven 
patients showed a definite drop in the blood level 
of the heavier and more compact lipoprotein mole- 


ene..." 


When planning a program to reduce blood-pressure 
levels, consider the added benefits of these CIBA 
antihypertensive agents: 


serpasil...Apresoline 


1. Corcoran, A. C., Lewis, L. A., Dustan, H. P., and Page, I. H.: 
Ann. New York Acad. Sc. 64:620 (Nov. 16) 1956. 2. Perry, H. M., Jr., 
and Schroeder, H. A.: ]. Chronic Dis. 2:520 (Nov.) 1955. 3. Galioni, 
E. F.: California Med. 85:97 (Aug.) 1956. 


APRESOLINE® hydrochloride (hydralazine hydrochloride CiBA) 
SERPASIL® (reserpine CIBA) 


CIs A 
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*“In view of the beneficial re- 
sponses observed when antacids 
and bland diets were used concom- 
itantly with prednisone and predni- 
solone. we feel that these measures 
should be employed prophylacti- 
cally to offset any gastrointestinal 

> side effects.” —Dordick. J. R. et al.: 
N. Y. State J. Med. 57:2049 (June 
15) 19957. 


*“It is our growing convic- 
tion that all patients receivin 
oral steroids should take eac 
dose after food or with ade- 
quate buffering with aluminum 
or magnesium hydroxide prep- 
arations.”—Sigler, J. W. and 
Ensign, D. C.: J. Kentuck 
State M. A. 54:771 (Sept.) 1956. 
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Gastric distress accompanying “predni-steroid” 
therapy is a definite clinical problem — well 
documented in a growing body of literature. 


**The apparent high inci- 
dence of this serious [gastric] 
side effect in patients receiving 
prednisone or prednisolone 
suggests the advisability of 
routine co-administration of an 
aluminum hydroxide gel.”— 
Bollet, A. J. and Bunim, J. J.: 
J. A. M. A. 158:459 (June 11) 
1955. 


One way to make sure that patients receive 
full benefits of “predni-steroid” therapy plus 
positive protection against gastric distress is 
by prescribing CO-DELTRA OF CO-HYDELTRA. 


PREDNISONE BUFFERED 


multiple compressed tablets 


. MERCK SHARP & DOHME iwvision of MERCK & CO., INC, Philadelphia 1, Pa. 


provide all the benefits 
of “Predni-steroid” therapy— 
plus positive antacid protection | 


against gastric distress 


PREDNISOLONE BUFFERED 


2.5 mg. or 5.0 mg. of prednisone 
or prednisolone, plus 300 mg. of 
dried aluminum hydroxide gel 
and 50 mg. magnesium trisili- 
cate, in bottles of 30, 100, 500. 
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make poor eaters want to 


“COME AND GET IT” 


CYANOCOBAL AMIN (CRYSTALLNE VITAMIN By») 


REDISOL—vitamin B,.—used as a dietary supplement often 
stimulates appetite with consequent weight gain- youngsters 
look forward to their meals again. 

Cherry-flavored REDISOL Elixir (5 meg. per 5 cc.) and solu- 
: ble REDISOL Tablets (25, 50, 100, 250 meg.) mix readily with 
\ liquids. 


MERCK SHARP & DOHME 


Redisol is a trade-mark of Merck & Co., Ine 


Orally... higher and more sustained aminophylline 
blood levels than those produced intravenously 


Cardalin utilizes two synergistic asme 
protective factors to permit admin- 
istration of high oral doses of ami- 
nophylline without the usual side 
effects of nausea, gastric irritation 
and vomiting. 


CARDALIN 


... proven effective clinically when- 
ever high blood concentrations of 

. Adapted from Bickerman, H. A., ef ol.: . Allergy 
aminophylline are desired ... as in 11:301, 1953, and Truitt, E. B., Jr., ef of.: J. Pharma- 


THEOPHYLLINE BLOOD LEVELS 


‘ 
AFTER ADMINISTRATION 


congestive heart failure, cardiac col. & Exper. Therap. 100:309, 1950.) 
edema, paroxysmal dypsnea, an- Each Cardalin tablet supplies: Amino- 


phylline, 5.0 gr.; Aluminum hydroxide, 


gina pectoris, myocardial infarc- 
2.5 gr.; Ethyl aminobenzoate, 0.5 gr. 


tion, heart block and bronchial 
asthma. Also available, Cardalin-Phen. 
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anti-inflammatory effects 


with lower dosage 


(averages 1/3 less than 


prednisone) 


Achievements 


in the collateral 
hormonal effects associated 


with all previous corticosteroids 
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The Achievement in Skin Diseases: In a study of 26 patients with severe 
dermatoses, ARISTOCORT was proved to have potent anti-inlammatory and antipruritic properties, 
even at a dosage only 3% that of prednisone.'. . . Striking affinity for skin and tremendous potency in 
controlling skin disease, including 50 cases of psoriasis, of which over 60% were reported as 


markedly improved*...absence of serious side effects specifically noted.':*:3 


The Achievement in Rheumatoid Arthritis: Impressive therapeutic effect 
in most cases of a group of 89 patients*...6 mg. of ARIstocortT corresponded in effect to 10 mg. of 
prednisone daily Cin addition, gastric ulcer which developed during prednisone therapy in 2 cases 
disappeared during aristocort therapy).’ 


1. Rein, C. R., Fleischmajer, R., and Rosenthal, A. L.: J. A. M. A. 
165:1821, (Dec. 7) 1957. 
2. Shelley, W. B., and Pillsbury, D. M.: Personal Communication. 
3. Sherwood, A., and Cooke, R. A.: Personal Communication. 
4. Freyberg, R. H., Berntsen, C. A., and Hellman, L.: Paper 
presented at International Congress on Rheumatic Diseases, Toronto, 
June 25, 1957. 
5. Hartung, E. F.: Personal Communication. 
6. Schwartz, E.: Personal Communication. 
7. Sherwood, A., and Cooke, R. A.: J. Allergy 28:97, 1957. 
8. Hellman, L., Zumoff, B., Kretshmer, N., and Kramer, B.: Paper 
resented at Nephrosis Conference, Bethesda, Md., Oct. 26, 1957. 
9. Ibid.: Personal Communication. 
10. Barach, A. L.: Personal Communication. 
11. Segal, M. S.: Personal Communication. 
12. Cooke, R. A.: Personal Communication. » 
. Dubois, E. L.: Personal Communication. 
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The Achievement in Respiratory Allergies: “Good to excellent” results 
in 29 of 30 patients with chronic intractable bronchial asthma at an average daily dosage of only 
7 mg.*.. . Average dosage of 6 mg. daily to control asthma and 2 to 6 mg. to control allergic rhinitis 
in a group of 42 patients, with an actual reduction of blood pressure in 12 of these.’ 


The Achievement in Other Conditions: Two failures, 4 partial remissions 
and 8 cases with complete disappearance of abnormal chemical findings lead to characterization 
of arisrocorr as possibly the most desirable steroid to date in treatment of the nephrotic syn- 
drome.*-*. .. Prompt decrease in the cyanosis and dyspnea of pulmonary emphysema and fibrosis, 
with marked improvement in patients refractory to prednisone.'® "4-17... Favorable response 
reported for 25 of 28 cases of disseminated lupus erythematosus.’* 


Triamcinolone LEDERLE 


--OH 


Depending on the acuteness and severity of the disease under therapy, the initial 
dosage of aristocorr is usually from 8 to 20 mg. daily. When acute 
manifestations have subsided, maintenance dosage is arrived at gradually, 
usually by reducing the total daily dosage 2 mg) every 3 days until the smallest 
dosage has been reached which will suppress symptoms. 


Comparative studies of patients changed to aristocort from prednisone 
indicate a dosage of aristocorT lower by about % in rheumatoid arthritis, 

by % in allergic rhinitis and bronchial asthma, and by % to % in inflammatory 
and allergic skin diseases. With arnistocorT, no precautions are necessary 

in regard to dietary restriction of sodium or supplementation with potassium. 
ARIsTOCORT is available in 2 mg. scored tablets (pink), bottles of 30; 

and 4 mg. scored tablets (white), bottles of 30 and 100. 


LavoraToRIEs DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER NEW YORK 
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“Since we’ve had him on NEOHYDRIN he can walk 
without dyspnea. I wouldn't have believed it possible 
a month ago.” 


oral 
TABLET 
organomercurial 


diuretic NEOQHYDRIN 


BRAND OF CHLORMERODRIN 
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TETRACYCLINE-ANTIHISTAMINE-ANALGESIC COMPOUND LEDERLE 


A versatile, well-balanced formula offering in one 
tablet the drugs often prescribed separately for 
treating upper respiratory infections. 

Traditional and nonspecific nasopharyngeal 
symptoms of malaise and chilly sensations are rap- 
idly relieved, and headache, muscular pain, and 
pharyngeal and nasal discharges are reduced or 
eliminated. 

Early effective therapy is provided against such 
bacterial complications as sinusitis, otitis, bronchi- 
tis and pneumonitis to which the patient may be 
highly vulnerable at this time. 

Adult dosage for ACHROcIDIN Tablets and new, 
caffeine-free ACHROCIDIN Syrup is two tablets or 
teaspoonfuls of syrup three or four times daily. 
Dosage for children reduced according to weight 
and age. 

Available on prescription only. 


LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER. N.Y. 


prevents 
sequelae 


TABLETS (Sugar-coated) 
Each tablet contains: 


ACHROMYCIN® 

Tetracycline ... 
Phenacetin _ 120 mg. 
Caffeine 30mg. 
Salicylamide 150 mg. 
Chlorothen Citrate. 25 mg. 


Bottles of 24 and 100 

SYRUP (Lemon-lime flavored) 

Each teaspoonful (5 cc.) contains: 

ACHROMYCIN® Tetracycline 
equivalent to 


tetracycline HCl 125 mg. 
120 mg. 
................. 150 mg. 
Ascorbic Acid 
Pyrilamine Maleate __. 15 mg. 
Methylparaben. _. 4 mg. 
mg. 


Bottle of 4 oz. 


checks 
symptoms 


*Trademark 
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INTENSIFIED EXOAD-SPECT RUN ANTIBIOTIC CONTROL 


Tetracycline Phosphate Complex U.S. Pat. 2,791,608 


often the difference between rapid and delayed response 


blood levels practically double those of tetracycline hydrochloride within 1-3 hours / 
maintains higher blood levels than tetracycline hydrochloride up to 24 hours /a 
single, highly efficient antibiotic permitting simple, flexible dosage /egually effec- 
tive on convenient b.t.d. schedule, as on a q.i.d. schedule /practically sodium-free— 


pure compound—not a mixture. Supplied: TETREX Capsules containing the equivalent of 250 
mg. tetracycline HCI activity; bottles of 16 and 100. New TETREX 
Pediatric Capsules containing the equivalent of 100 mg. tetra- 
cycline HCI activity; botties of 25 and 100. 


Bs 


lo the point 
of infection 
asin acute 
respiratory diseases 


letrex 


Tetracycline Phosphate Complex 250-100 mg. CAPSULES 
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INTENSIFIED TETRACYCLINE CONTROL 


Integrated with ANALGESIA CONTROL / ANTIHISTAMINE CONTROL 


new for respiratory infections 


WITH BRISTAMIN* 


® The only anti-infective preparation providing “all-factor” control through the 
(1) faster, higher blood levels and broad-range activity of TETREX (2) analgesic- 
antipyretic action of apc (3) notably potent antihistamine effects of BRISTAMIN, virtually 
free of somnolence. ® Specific therapy for bacterial infections caused by tetracycline- 
sensitive organisms. J /eal adjunctive therapy im common upper respiratory tract infec- 
tions for control of secondary bacterial invasion. ® Convenient, economical. 


Each capsule contains: TETREX (tetracycline phosphate complex) . . 125 mg. 
HC! activity) 

Bristamin (Phenylitoloxamine Citrate) . . . .. 25 mg. 


Usual dose: One or two capsules q.i.d. 
Supplied: Bottles of 24 and 100. 
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Ciproniazid) 


the new 
psychic energizer 


“a major breakthrough mental disease”* 


Q. What is Marsilid? 


A. Marsilid ROCHE (iproniazid) is a psychic energizer — the very 
opposite of a tranquilizer — of unparalleled value in mild and 
severe depression. Marsilid is an amine-oxidase inhibitor which 
affects the metabolism of serotonin, epinephrine, norepinephrine 
and other amines. 


How does Marsilid act? 


Marsilid restores a feeling of well-being and promotes an increase 
in appetite, weight and vitality. It restores depleted nervous 
energy and stimulates appetite and weight gain in chronic de- 
bilitating disorders. 


Marsilid, in effect, has a protective or sparing action on sero- 
tonin and norepinephrine in the brain. When subjects treated 
with Marsilid take reserpine, the effect of Marsilid is potentiated 
by reserpine — the opposite of the usual tranquilizing results of 
reserpine therapy. ‘his is due to the fact that reserpine releases 
serotonin and norepinephrine from their bound forms in the 


*T. R. Robie, paper read at First Marsilid Symposium, New York City, 
November 29, 1957 


Q. 


brain; normally these substances are rapidly destroyed by amine 
oxidase. 


Q. How soon is the effect of Marsilid apparent? 


A. Marsilid is a relatively slow-acting drug; even in mild depression 
results may not be evident for a week or two. In chronically de- 
pressed or regressed psychotics, results may be apparent only 
alter a month or more. 


Q. How does Marsilid compare with shock treatment? 


A. Marsilid usually obviates the need for shock treatment. The 
drug has repeatedly been effective in patients who had not re- 
sponded to shock therapy (both insulin and electroshock). 


Q. what is the dosage of Marsilid? 


A. Like all potent drugs, Marsilid requires individual dosage ad- 
justment for best results. It is therefore important to follow the 
dosage directions carefully. 


Q. What precautions should be taken with Marsilid? 


A. Like cortisone, digitalis and other potent drugs, Marsilid should 
be used with care and the precautions listed in the literature 
should be observed. 


Q.. what is the clinical background for Marsilid? 


A. The therapeutic usefulness of Marsilid has been described in 
over 50 recent publications. For reprints and information on 
the clinical use of Marsilid, write to Professional Service De- 
partment, Roche Laboratories, Nutley 10, New Jersey. 


Marsilid® Phosphate — brand of iproniazid phosphate 
(1-isonicotinyl-2-isopropylhydrazine phosphate) 
Roche — Reg. U.S. Pat. Off. 


ROCHE LABORATORIES « Division of Hoffmann-La Roche Inc ¢ Nutley, New Jersey 
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when you give | 
broad spectrum antibiotics. 
to your patients—“...some people 


* have justa devil of a time 
with moniliasis...as I see tt, 


the only annoying complication 
of broad-spectrum therapy 


1s moniliasis.’’* 


“Long, P. H., in Long, Kneeland, Y. Jr., and Wortis, S. B.: 
Bull. New York Acad. Med. 33:552 (Aug.) 1957. 
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THESE ARE YOUR PATIENTS WHO 
MAY HAVE “JUST A DEVIL OF A 
TIME WITH MONILIASIS” 


e debilitated patients 

e elderly patients 

e diabetics 

e infants, especially prematures 


e those who developed moniliasis on previous 
broad spectrum therapy 


e patients on prolonged and/or high dosage 
antibiotic therapy 


e women, especially when pregnant 
or diabetic 


Mysteclin-V provides you with a dosage form for every clinical need: 


| Tetracycline | 
phosphate | | 
complex equiv. 


tetracycline Mycostatin 
HCI (mg.) (units) Packaging 
Capsules (per capsule) | 250 250,000 Bottles of 16 and 100 
Half-Strength Capsules | 
(per capsule) | 125 125,000 Bottles of 16 and 100 
Suspension (per 5 cc.) | 125 125,000 60cc. bottles 


Drops (percc.—20 drops) 100 100,000 10cc. dropper bottles 


SQUIBB 


“SUMYCIN'S AND ‘MYCOSTATIN’'® ARE SQUIBS TRADEMARKS 


fat ™ 
-| SQUIBB QUALITY—THE PRICELESS INGREDIENT 
1858 
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NOTHING IS FASTER 


ji N 
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OTHING IS MORE EFFECTIVE 


PRE-MICRONIZATION of particle size assures maximum effectiveness 


e er- p | ® For quick relief of bronchospasm of any 
origin. More rapid than injected epinephrine 

in acute allergic attacks. 
Epinephrine bitartrate, 7.0 mg. per cc., suspended 


in inert, nontoxic aerosol vehicle. Contains no alco- 
hol. Each measured dose 0.15 mg. free epinephrine. 


: ® Unsurpassed for rapid relief of symptoms of 
M ed | na ler- SO asthma and emphysema. 


Isoproterenol sulfate, 2.0 mg. per cc., suspended in 
inert, nontoxic aerosol vehicle. Contains no alcohol. 
Each measured dose 0.06 mg. free isoproterenol. 


Millions of asthmatic attacks have been aborted faster, more 
effectively, more economically with Medihaler-Epi and Medi- 
haler-Iso. Automatically measured dosage and true nebuliza- 
tion...nothing to pour or measure...One inhalation usually 
gives prompt relief. 
Prescribe Medihaler medication with Oral Adapter as first 
prescription. Refills available without Oral Adapter. 


The Medihaler Principle of automatically measured-dose aerosol medications in spillproof, leakproof, 
shatterproof, vest-pocket size dispensers also available in Medihaier-Phen® 
(phenylephrine, hydrocortisone, phenyipropanolamine, neomycin) for prompt, 
lasting relief of nasal congestion. 


LOS ANGELES 
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(Selenium Sulfide, Abbott) 


SELSUWN the most effective treatment known for dandruff 
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potent antianemia therapy 


another indication for 


plus the complete B-complex 


anemia in the menopause 


2 iBEROL Filmtabs a day supply: 


THE RIGHT AMOUNT OF IRON 


Ferrous Sulfate, U.S.P........... 1.05 Gm. 
(Elemental lron—210 mg.) 
PLUS THE COMPLETE B COMPLEX 


BEVIDORAL®..........1U.S.P. Unit (Oral) 
(Vitamin By, with Intrinsic Factor Concentrate, Abbott) 


Liver Fraction 2, N.F............. 20O mg. 
Thiamine Mononitrate............... mg. 
Nicotinamide...................... GOmg. 
Pyridoxine Hydrochioride........... Omg. 
Caicium Pantothenate............... @ mg. 


PLUS VITAMIN C 
Ascorbic Acid.................... mg. 
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HARVARD MEDICAL SCHOOL 


Bach Jssucs Wanted 


(MUST BE IN GOOD CONDITION) 


THE AMERICAN JOURNAL OF MEDICINE 


will pay $1.00 per copy for 
the following issues: 


January 1948 
February 1948 
March 1948 
April 1948 
November 1949 
January 1954 
May 1955 
August 1955 
September 1955 
May 1957 
August 1957 
September 1957 


Send to 


The American Journal of Medicine, Inc. 
11 East 36th Street, New York 16, N. Y. 


Courses for Graduates 


RECENT ADVANCES IN 
INTERNAL MEDICINE 


One Week—June 2-7, 1958 


By Georce W. TuHorn, M.D., and 
Associates at the Peter Bent 
Brigham Hospital 


An intensive course designed primarily 
for internists. The clinical application 
of physiological and biochemical prin- 
ciples to the care of the patient will be 
stressed. The method of instruction in- 
cludes lectures, case presentations, and 
round-table discussions. 


Tuition—$1 25 


INTERNAL MEDICINE 


Six Weeks—June 16—July 26, 1958 


By Water Bauer, M.D., Cuester M. 
Jones, M.D., and Associates at the 
Massachusetts General Hospital 


A course covering most of the impor- 
tant segments of internal medicine. The 
consideration of each of the systems to 
be discussed is directed by especially 
qualified senior physicians. A discussion 
of recent advances in these fields is an 
integral part of the course, which also 
includes didactic lectures, the demon- 
stration of clinical material, and in- 
formal panel discussions. 


Tuition—$300 


For catalogue and application form 


write to: 


Assistant Dean 
Courses for Graduates 
Harvard Medical School 

Boston 15, Massachusetts 
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Quaker Oats and Mother’s 
Oats, the two brands of oat- 
meal offered by The Quaker 
Oats Company, are identi- 
_ cal. Both brands are avail- 
able in the Quick (cooks in 
one minute) and the Old- 
Fashioned varieties which 
are of equal nutrient value. 


Children who eat nutritious breakfasts regularly 
are more likely to be well nourished than those 
with poor breakfast habits.* This important find- 
ing emphasizes the long-known relationship be- 
tween nutritious breakfast meals and the perform- 
ance level of school children. 


A sensible breakfast for most children is one 
which supplies ample energy for a full morning’s 
work and play; which provides ample growth- 
promoting protein, vitamins, and essential min- 
erals; which is tasteful, easy to digest, and is eaten 
in a pleasant atmosphere; but which does not bur- 
den the digestive tract unduly or overload the food 
capacity of the child. 


A dish of oatmeal provides nutritional advan- 
tages few foods can exceed. It contains more pro- 
tein and more thiamine than other whole grain 
cereals. In addition, it contributes other B vita- 
mins and is outstanding for its iron content. 


A steaming bowl of oatmeal is a dish welcomed 
by children. It reflects a warm, secure home atmos- 
phere. It means a pleasant, satisfying meal with 
which to start the day’s work and play. 


*Martin, E.A.: Roberts’ Nutrition Work with Children, Chicago, 
The University of Chicago Press, 1954, pp. 141-146. 


The Quaker Oats O@mpany 


CHICAGO 


uncomplicated maintenance... 
a more constant level of digitalization... 
the minimum of toxicity’ 


digitaline nativelle 


the original pure crystalline digitoxin 


The constant, predictable effect of DIGITALINE NATIVELLE 
in maintenance of decompensated cardiacs is the result of its 
unique even, complete absorption balanced by uniform elimination. 


toxicity low, rapidity high in new study’ 


In clinical comparison with five other commonly used glycosides, 
DIGITALINE NATIVELLE is exceeded only by ouabain in rapidity 
of improvement!...is so rarely toxic as to be a preferred agent 

in cases with a low threshold of toxicity!...is the only I.M. 

form without excessive pain.! 


In all forms—tablet, intramuscular, intravenous, oral solution 
—identical dosage, identical effect. 


Consult Physicians’ Desk Reference for detailed dosage and supply data. 
1. Aravanis, C., and Luisada, A. A.: Am. J. Cardiology, in press. 


VARICK PHARMACAL COMPANY. INC. Hicksville, Long Island, New York 
(Division of E. Fougera & Co., Inc.) 
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anew, 
modified 
corticosteroid 
molecule witl 
greater antiallergie, 
antirheumatic and 
anti-inflammator 
tivity 


FOR YOUR PATIENTS WITH 
bronchial asthma, 
allergic disorders arthritic disorders dermatoses 
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@ with far less gastric disturbance 


® without salt and water retention; 
safe to give in asthma complicated by cardiac disease 


8 low salt diet not necessary 

@ without unnatural psychic stimulation to mask desired 
clinical response 

® often works when other glucocorticoids have failed 


® and on a lower daily dosage range 


Dosage: Initially, 8 to 20 mg. daily. 

After 2 to 7 days gradually reduce to 

a suitable maintenance level. 

See package insert for specific dosages and precautions. 


Supply: Scored tablets of 1 mg., bottles of 50 and 500. Scored tablets 
of 4 mg., bottles of 30 and 100. 


Squibb Quality—the Priceless Ingredient 


Squiss 


Speed Based on Dependability... 


ACHROMYCIN Tetracycline serves as the model for the 
newest advance in broad-spectrum antibiotics. For more 
than three years it has repeatedly demonstrated excep- 
tional effectiveness in the treatment of more than 50 


different infections. 


Now speed of absorption has been added to its unsurpassed 
antibiotic dependability. New ACHROMYCIN V Capsules 
offer more patients consistently high blood levels...a gain 


in 
| 
| 


Tetracycline HCI Buffered with Citric Acid 


in efficiency at no sacrifice to broad, anti-infective spectrum 
or indications. New ACHROMYCIN V Capsules do not 
contain Sodium. 


REMEMBER THE V WHEN SPECIFYING ACHROMYCIN V 


CAPSULES: (biue-yellow) 250 mg. tetracycline HCI (buffered with citric acid, 250 mg.); 100 mg. tetracycline HC! 
(buffered with citric acid, 1OOmg.). ACHROMYCIN V DOSAGE. Recommended basic oral dosage is 6-7 mg. per 
Ib. body weight per day. In acute, severe infections often encountered in infants and children, the dose should be 12 mg. 
per lb. body weight per day. Dosage in the average adult should be 1 Gm. divided into four 250 mg. doses. 


LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, N. Y. t Ledente) 
®Rea. U.S. Pot. Off, 
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LILLY AND COMPANY 


Combines palatability with effectiveness 


An entirely new manufacturing 
process has made Liquid “Trisogel’ 
a really palatable antacid. Its 
creamy, smooth texture and mild 
mint flavor assure you whole- 
hearted patient acceptance. An 
adult taste panel enthusiastically 
selected “Trisogel’ for texture, fla- 
vor, and color over all other formu- 
las and formula variations tested. 


“Trisogel’ combines the prompt 
antacid action of aluminum hy- 
droxide with the more sustained 
effect of magnesium trisilicate. 


In the treatment of peptic ulcer, 
the usual adult dose is 1 or 2 table- 
spoonfuls every one to three hours. 


Available in 12-ounce bottles at 
pharmacies everywhere. 


*Trisogel’ (Magnesium Trisilicate and Aluminum Hydroxide, Lilly) 


INDIANAPOLIS 6, 


INDIANA, U.S.A. 


862200 
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Editorial 


The Specificity Hypotheses of 
Psychosomatic Medicine 


Koch’s Postulates Revisited 


HE ills popularly classed as psychosomatic 
have at least one common factor, they are 
uncommonly hard to treat. While some have 
yielded in part to therapy based on endocrinol- 
ogy, microbiology, biologic metabolic antagonists 
or the knife; others have vielded so slightly 
that the best these conventional modalities of 
therapy can offer, whether in the setting of a 
teaching center or of rural practice, is palliation. * 
Intractability provides no small reason for the 
general interest that has greeted volumes giving 
pioneering explorations by psychodynamically 
oriented physicians of these ills which were 
previously in the province of the internist, the 
surgeon and the pediatrician [7-3]. While the 
interpretive critique in many of these explora- 
tions is perhaps not that demanded by older 
modalities of clinical investigation, the histori- 
cally minded physician has often tempered his 
doubts with the recognition that critique only 
comes with time and that dynamically oriented 
psychiatry is young. 

In the 1920’s and 1930’s, few teaching hospi- 
tals could boast a psychiatrist whose principal 
clinical and investigative responsibility lay on 
the medical service. Psychoanalytic training in 
these few was an exception. 


* Indeed, in the design of some ongoing psychosomatic 
research, one wonders whether intractability is as good an 
admission ticket as a promising psychodynamic lead, 
vide the increasing study of neoplastic disease. 


The post World War psychodynamic en- 
thusiasm brought foundation support for full 
time assignment of analytically oriented psy- 
chiatrists to a handful of university hospital 
medical services. A bare ten years later, the 
teaching medical service without a psychody- 
namic team sometimes feels as deprived as it 
might have without a bacteriologic team half a 
century ago. 

From medicine and pediatrics, spread to 
surgical services, both general and special, is 
progressing. Today it is not unheard of to find a 
surgeon almost as familiar with the concepts of 
Freud and Sullivan as he is with those of Pasteur 
and Lister. The resultant change in the atmos- 
phere of general hospital training [4] may be 
keenly felt by a retrospective comparison of the 
prevalent ward rounds vocabulary of many a 
senior resident with that of the attending man. 

A comparable change has occurred in the 
atmosphere of research. The addition of the 
continuously expanding support of the National 
Institute of Mental Health to that of other pri- 
vate and public agencies has provided oppor- 
tunities for psychosomatic clinical investigation 
of scope and elaborateness not previously 
available. Animal studies, projective psycho- 
logical studies, pharmacodynamic studies, neu- 
rosurgical and neurophysiologic studies, inter- 
view studies ranging from a single hour to five 
year psychoanalyses interlock in endless per- 
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mutations in psychosomatic journals and in 
applications for research grants. 

In the midst of this plenty, the physician who 
travels may find small signs which, although 
expressible in the language of ward rounds, 
perhaps would be plainer in the language of 
Wall Street. 

Thus, in some medical centers most liberally 
supplied with facilities for psychosomatic in- 
vestigation, if one asks a service chief about the 
role of psychodynamics in the long range han- 
dling of a given condition, he may answer, 
‘“‘Which patients do you mean? Our research 
patients? Our dispensary patients? The at- 
tending staff’s private patients?” 

Such questions (particularly when given in 
answer by a chief sympathetic to dynamic 
psychiatry), do not reflect the clarity in defini- 
tion of pathogenetic significances and manage- 
ment values that he might give for the more 
conventional modalities of therapy. 

If in the medical center these issues are not 
wholly clarified, to the practicing physician 
they are even more clouded; the descriptive 
terminology of the psychosomaticists often seems 
fanciful and the observational bases limited and 
insecure. It does not help the man in practice 
to have the historian point out that the psychoso- 
matics probably appear no more fanciful than 
microbiologic thinking appeared in the days 
when the controversy over spontaneous genera- 
tion of microorganisms was acute. 

The man in practice might historically coun- 
ter thus: Like focal infection, body-mind 
interactions in disease are older in literature 
than ancient Greece. Both the arch theorist* 
and the arch clinical observer [5] of the Greek 
age write of psychosomatics in a fashion which 
augurs favorably for subsequent developments 
in theory and practice. But when that Athenian 
therapist, in his basket chair, told the patient: 


Then sit you down upon that sacred bed— 

Come now, you tell me something of your 
habits— 

Excogitate upon your affairs— 

Let your thoughts range freely through the 
air— 


* That the arch theorist was not unskilled in clinical 
observation is evidenced by the recommendation for 
management of hangovers among intellectuals in the 
beginning of the Symposium [The Works of Plato 
(edited by Epman, I.) pp. 338-339. New York, 1928. 


Modern Library.] 


this approach to the psyche ended up, at the 
hand of the arch comic poet, in “*The Clouds.’’* 

To return via the nineteenth century to the 
present, no sensitive clinician doubts that 
psychic events can bear significant relations 
both to appearance and intensity of disease 
manifestations. But today’s psychosomaticist 
goes further in two ways, first by suggestion of 
relations between specific psychic configurations 
and specific disease entities; secondly, with to- 
day’s “‘sacred bed” go variously formulated 
technics of intensive psychotherapy whose 
proponents believe potent to alter psychic 
configurations sufficiently to warrant the use of 
the phrase “‘change of character structure.” 

Faced with intractability in the diseases and a 
baffling terminological prolixity in description 
of psychic configurations and therapeutic ma- 
neuvers, both the scientist and the physician 
today have reason to ask: (1) whether or not 
psychosomatic explorations have given base for 
the development of a logic of description ade- 
quate to relate the psychic configurations to the 
disease sequences; (2) whether or not these 
investigations have yielded a more effective 
method of attack, either by way of prevention 
or treatment. 

The nineteenth century postulates of Koch 
provided a serviceable logic by which micro- 
biologic medicine achieved scientific respectabil- 
ity. Medical respectability t was assured by the 
tools immediately put in the hands of the doctor, 
asepsis and antisepsis. Without Procrustean 
distortion of analogies between the special 
logical demands of psychiatric and micro- 
biologic levels of observations, have we as yet 
portends of any comparable achievement for 
psychosomatic medicine? 


* ARISTOPHANES, The Clouds. (Translated by Rogers, 
B. B.) pp. 287, 311, 331, 337. Cambridge, 1950. Harvard 
University Press. 

A productive modern worker in neuroanatomic cor- 
relates of behavior [6] as well as the theory and practice 
of dynamic psychiatry has recently called attention 
([7], p. 365) to certain details in Aristophane’s treatment 
of the therapeutic methodology of the “‘just and unjust 
logics.” 

t There is little question that the physician has come a 
long way in approaching Abraham Flexner’s scientific 
ideal in the last half century (vide Arcutey, D. W. The 
healer and the scientist, The Saturday Review, Jan. 9, 
1954), but that the healer and the scientist are always 
going to have a somewhat different outlook can be veri- 
fied by comparing the type of boy one meets in a medical 
school dining room with his counterpart in the dining 
room of the Massachusetts Institute of ‘Technology. 
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CAUSE, PROCESS AND TRANSACTION 


In the popular mind, the triumph of micro- 
biology was the finding of causes for diseases. 

The last decade has seen the precipitous disap- 
' pearance of the word ‘‘cause”’ from the writings 
of workers in psychosomatic miedicine. In re- 
placement is emerging a terminology which 
doubtless would prove much more satisfactory 
to the late A. N. Whitehead [8] and perhaps to 
Henri Bergson {9}. 

Thus, in a recent and already classic study of 
the psychologic process in ulcerative colitis | 70}, 
there is an extensive footnote devoted to the 
validity of a “transactional” description, in 
which the organism is observed “‘in process with 
environment.” The author urges the revision of 
the familiar pathogenetic descriptions in terms 
of interaction of multiple factors in favor of 
descriptions accepting the “organisms and 
environment as a common system, .. . in 
terms of open systems, dynamic steady states, 
feed back mechanisms and _ multi-factorial 
concepts . . . *’ This is about as far from saying 
“this man’s emotional problems caused his 
colitis” as one can get. 

However, in the popular mind, the word 
‘cause’ still remains in daily use, and for the 
daily thinking of the physician, so does its 
polysyllabic synonym. In this daily use there is a 
validity which is not inconsistent with “multiple 
factor’ conceptualization; the cause usually 
means the factor or factors most accessible to 
manipulation toward improving an_unsatis- 
factory state of affairs. 

Thus, that lobar pneumonia can be described 
in a “transactional” fashion does not invalidate 
“pneumococcal etiology.’’ Today, with drugs 
which reliably eradicate pneumococcus in vivo 
and to which it does not develop resistance, the 
monumental explorations of pneumococcal im- 
munochemistry which abound in older volumes 
of the Journal of Experimental Medicine are rarely 
cited in our teaching hospitals, except when a 
hypogammaglobulinemic failure of this aspect 
of “the pneumonia transaction” requires that 
something be done. The socio-economic-environ- 
mental aspects of the “‘pneumonia transaction”’ 
were perhaps better described in the compressed 
paragraphs of the first edition of Osler’s text [77] 
than in many of today’s works. 

Contrast the status of the disease with which 
Koch’s name is linked. Despite recent and rapid 
progress in chemotherapy, nothing is yet avail- 
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able against tuberculosis of comparable efficacy 


to penicillin against the pneumococcus. One of 


today’s leading students of the laboratory be- 
havior of Koch’s bacillus [72] has stressed elo- 
quently the importance of such factors as animal 
protein intake and stress of racial persecution in 
the understanding of world-wide trends in 
incidence, and has suggested that war occasioned 
community anxiety without the privation of 
battle or conquest may warrant consideration as 
a significant epidemiologic variable. Here, the 
statement ‘“‘Koch’s bacillus causes tuberculosis” 
is insufficient to give either the practicing physi- 
cian or the public health officer the maximum 
available efficacy in care or control measures. 
Both need a more cumbersome “‘transactional”’ 
or “‘interactional”’ statement. * 

One cannot help suspecting that the more the 
existing state of knowledge demands that the 
physician talk like a philosopher of science, 
the less available are effective measures of pre- 
vention and cure. | 

When, with an appropriately timed antibiotic, 
the physician can guide a patient with lobar 
pneumonia back to work in a week, he is glad to 
be able to predict for the patient, for all practical 
purposes, the same state of health (or better) than 
before. While agreeing that “‘the linear must be 
replaced with the spiral—no system is ever again 
exactly the same as it was before—the patient 
is never restored to the same state of health—”’ 
[70], the physician cannot help rejoice that this 


* Some readers may find linguistic wonder (in view of 
Latin meanings) at the growing preference to attach the 
prefix ‘‘trans-” instead of “‘inter-’’ to ‘‘-action”’ in psy- 
chosomatic terminology [70}. 

An epistemologic as well as heuristic wonder may also 
be entertained [See Meyerson’s classic discussion (MEYER- 
son, E. Identité’ et Realité’, F. Alcan, Paris, 1926, p. 438 
et. seq.) also Cassirer’s Substanzbegriff und Funktionbegriff 
(Berlin, 1910) and Whitehead’s Principles of Natural 
Knowledge (Cambridge, 1925)]. 

It is far from clear that advances in biology have come 
from interposing Latin or Greek intermediaries between 
the concrete expressiveness of everyday language and the 
unique expressiveness of mathematics and symbolic 
logic for abstract relations. 

I have often thought that the propositional functions of 
the symbolic logician (cf. Lewis, C. I. and Langford, 
C. H., Symbolic Logic, Century, New York, 1932, Chapter 
V et. seq.) would be an elegant way to express degrees of 
probability which may be attached to evidence in clinical 
investigation. However, on the ward and in the labora- 
tory, the symbolism is not widely known, it is something 
of a trick to learn, and we can still work effectively with a 
less condensed but perhaps more understandable 
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philosophically correct statement no longer 
necessarily must spiral through the empyemic, 
endocarditic and meningitic phenomena which 
in the preantibiotic age left so many patients for 
all practical purposes in a very different state of 
health. 

Thus, in looking to psychosomatic studies for 
help in management of clinically intractable ills, 
the physician will certainly not object to any 
complexity of terminology if it gives him Denk- 
mittel* to work with. And if, in the popular 
mind, this means identifying “‘causes,’’ such 
identification can be no more objectionable than 
the identification of the master switches and 
fuse boxes in a useful electrical system. 


THE ISOLATION OF THE ORGANISM 


From Personality Profile to Nuclear Conflict 


Such identification requires learning some- 
thing about the system and how it operates over 
periods of time. For the clinical investigator in 
the process of learning, the multiple factorial 
description of process is well nigh essential. 

The early and famous “personality profiles”’ 
(3) (believed by their proponent characteristic 
of certain diseases or syndromes) have given 
place today to formulation of characteristic 
nuclear conflicts. In addition to a greater detail in 
psychiatric delineation, the latter formulations 
place greater emphasis on long-term time 
sequences. 

Faced with a given patient, how does one 
discover emotional and behavioral patterns 
which, in the course of the investigation, may 
become candidates for the status of psychoso- 
matic specificity? 

At one extreme stands the recommendation 
for a psychosomatic history which the proponent 
believed could be taken “‘with a little practice” 
in a period from fifteen minutes to a couple of 
hours [3]. Based on the psychoanalytically 
introduced technic of associative anamnesis [73], 
and exhibiting considerable variation with 
respect to “‘structuredness” or ““open-endedness,”’ 
this technic has had wide use both in the studies 
underlying “the personality profiles’ and the 
more recent formulations. 

* cf. Pracmatism, J. W. Longmans Green & Co., New 
York, 1907, p. 171. Sputnik emphasizes that W. S. 
Franklin’s pre-relativity view “‘the healthiest notion, even 
if a student does not wholly get it, is that physics is the 
science of the ways of taking hold of things and pushing 
them’”’ (Science, Jan. 2, 1903) still has a measure of mean- 
ing in 1957. 
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At the other extreme stands the process of 
psychoanalysis, whose length and timing is a 
function both of the problems of the patient and 
of the training, geography and attitudes of the 
analyst. 

Sometimes alone, * more often in combination 
with interview technics, the projective tests of the 
psychologist are taking increasing prominence. 

As the results of studies have appeared in 
increasing profusion, several skeptical questions 
have become prominent in the medical com- 
munity. The most banal is this: Why is it that 
one may find a ‘‘characteristic’”’ profile and/or 
nuclear conflict in many a patient who does not 
exhibit the disease for which the psychodynamic 
pattern is characteristic? 

The parallelism to the finding of pathogenic 
organisms in the healthy is obvious: The question 
does not automatically eliminate possible patho- 
genetic significance for the psychodynamic 
pattern. It does emphasize the importance of 
elucidating other factors in a complex patho- 
genesis. To this end, long-term longitudinal 
studies become important. At their most fruitful, 
these may include genetic, physiologic, and 
biochemical variables as well as psychodynamic 
evaluation of the significance of events in the 
patients continuing life history. An example 
is the ongoing long-term follow-up of individuals 
with high blood pepsinogen levels in childhood t 
(an age in which clinical evidence of peptic 
ulceration, although not unknown, is rare). 

A second question implies a more serious 
prognosis for psychosomatic specificity and is 
frequently posed by physicians with great | 
clinical experience in psychiatry: Why is it that, 
the longer and more intensively one works with a 
patient, the oftener one finds many or all of the 
supposedly characteristic psychodynamic pat- 
terns in a single indwidual who may or may not 
manifest psychosomatic disease? 

Again the analogy to the multiplicity of the 
human body’s bacteriologic flora in health and 
disease is obvious. Every comprehensive text- 
book of bacteriology is in part a scientific grave- 
yard for microorganisms accessible to culture 
when filtrable viruses were not. While not ex- 
pecting the growth of a nuclear conflict in pure 
culture, this question reflects a genuine suspicion 


*cf., for example, the scoring of the Rorschach in 
terms of *“‘body image”’ for correlation with psychosomatic 
symptom choice [74]. 

+ Mirsky, I. A. Personal communication (see also 


(75]). 
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that a psychodynamic pattern might achieve 
the aura of psychosomatic specificity because it is 
the first and the easiest for the patient to talk 
about. 

An answer unique for its susceptibility to 
experimental validation has recently been put 
forward by a team whose specificity hypotheses 
have been based in the main on their own 
psychoanalytic studies. The answer, in essence, 
is this: Choose a group of patients representing 
seven diagnostic categories commonly termed 
psychosomatic. Show us a skillfully taken asso- 
Ciative anamnesis on each patient’s life story 
censored for any ordinary medical clues suggesting the 
‘*somatic’’ symptomatology. We can tell you what 
diagnoses do not apply to the patient and can 
probably name, with an accuracy far greater 
than expected from chance, the correct somatic 
diagnosis. 

The design of the resultant study (as yet 
reported only in a preliminary fashion*) war- 
rants comment in exemplification of a deter- 
mination on the part of a team of psychoanalysts 
to bring rigorous validation methods to bear on 
hypotheses emerging from use of psychoanalysis 
as a research instrument. The patients are 
selected by the diagnostic criteria accepted at 
four teaching hospitals in the area. The tape- 
recorded associative anamneses are taken by a 
psychoanalytic team member with a rigidity 
aimed at exclusion of potential clues embodied 
in the variations of order, wording and emphasis 
of questions. The typed anamnesis is then cen- 
sored for these and ordinary medical clues by an 
internist familiar with the psychosomatic hy- 
potheses under investigation. The censored ver- 
sion is distributed for private diagnostic appraisal 
to: (a) the group of analysts (excluding the 
interviewer); (b) to a control group of 
mature internists selected for unfamiliarity 
both with psychoanalysis and psychosomatic 
hypotheses. 

Each psychoanalyst brings his written for- 
mulation of the ‘“‘nuclear conflict’ together with 
the implied somatic diagnosis to the weekly 
research meeting at. which the interviewing 
analyst sits, Beckmesser-like, behind a screen.t 


* A preliminary report of this study was given at the 
December meeting of the American Psychoanalytic Asso- 
ciation, 1954 [76]. A progress report is to be delivered to 
the New York Academy of Medicine this fall (ALEXANDER, 
F. Personal communication). 

t Lest he divulge by involuntary expression how well 
or badly his colleagues are doing (vide, the telltale ear 
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The group then seeks to reconcile individual 
psychodynamic appraisals in a joint formulation. 
If successful, this and the implied somatic 
diagnosis are recorded, and the interviewer 
emerges from behind the screen and divulges 
the correct somatic diagnosis. If psychodynamic 
evidence in the first interview is deemed insuffi- 
cient by the group, the correct diagnosis is not 
divulged; the interviewer is instructed to ex- 
plore, in one or more further interviews, areas 
believed inadequately covered in the first. With 
this information, properly censored, in the 
psychoanalyst’s hands, the appraisal is repeated 
and the results are submitted to a statistician of a 
local university for comparison with the results 
of a comparable appraisal procedure by the 
“control group” of internists. 

While comparison between diagnostic scores 
of psychoanalytic and control groups is not yet 
available for enough cases to have a bearing on 
the validity of the hypotheses of specificity, the 
study has already proved fruitful in several ways. 
In its pilot phases, the psychoanalytic diagnoses 
were far from uniformly correct, and for a brief 
period the internists were more often correct 
than might be expected from chance alone. In 
addition to bringing about continuous evalua- 
tion of such factors as structuredness and 
censorship of interviews (important to avoid 
““contamination’’) it brought about, notably in 
postmortem discussions of psychoanalytic diag- 
nostic failures, a continuous sharpening of 
hypotheses. At the same time, the methodo- 
logical problems of “‘weighting”’ psychodynamic 
information in a valid and reproducible fashion 
were inexorably highlighted, and the help of 
quantitatively minded psychologists was sought 
toward their solution. 


THE RELIABLE IDENTIFICATION OF THE ORGANISM 


The Problem of Consensus in Appraisal of 
Psychodynamic Data 


One of the healthiest signs for the scientific 
future of psychosomatic relationships is the 
widespread appreciation of this problem among 
psychoanalysts today. As it emerges here, it is 
more immediate than the problem of divergences 
in theoretical formulation by the several 
“schools” of psychoanalysis. It is the problem of 
obtaining interpretive agreement by a single 


motions of the late and impassive faced pathologist, Dr. 
S. B. Wollbach, at Peter Bent Brigham clinicopathological 
conferences). 
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group of workers, in daily intercommunication 
in a single institute, on the same data. * 

Clearly interpretive consensus does not guar- 
antee interpretive correctness. 

Some continue to maintain that psycho- 
analytic interpretations are not adaptable to a 
requirement of consensus.t One hears mention 
of the indisputable existence in the less personal 
areas of medicine, of the person who, over and 
over again, seizes on an apparently minor 
sequence of signs, symptoms and _ laboratory 
findings, and in so doing predicts future events 
in a fashion more accurate than his colleagues; 
at this level of psychiatric thought and observa- 
tion psychoanalysis was born, and the internal 
consistency of an analyst’s formulations are 
properly subject only to the requirements of 
predictive validation in the individual case. 

Few will doubt that for the exploratory phases 
of a problem the unusually gifted observer is 
essential; internal consistency and _ predictive 
validation must be among his standards. 

But without consensus in identification of 


* Many centuries were required for the geometrician 
and physicist to work out the implications for an area of 
knowledge far less emotionally charged than psycho- 
dynamics. The following marvelously compressed para- 
graph of Rougier, in giving the history for geometric 
interpretation, indicates certain logical implications for 
the future of psychodynamic interpretation: 

“It will turn out that the discovery of non-Euclidean 
geometry has been the origin of a considerable revolution 
in the theory of knowledge and, hence, in our meta- 
physical conceptions about man and the Universe. 
One can say, briefly, that this discovery has succeeded in 
breaking up the dilemma within which epistemology has 
been locked by the claims of traditional logic: the princi- 
ples of science are either apodictic truth (logical conclu- 
sions synthetic a priort) or assertoric truth (facts of sense 
observation). Poincaré, taking his inspiration from the 
work of Lobatchevski and Riemann, pointed out in the 
particularly significant case of geometry that another 
solution is possible: the principles may be simple arbi- 
trary conventions. . . . However, far from being inde- 
pendent of our minds and nature, they exist only by a 
tacit agreement of all minds and depend strictly upon the 
factual external conditions in the environment in which 
we happen to live.” (Roucrer, L. The Geometrical 
Philosophy of Henri Poincaré, Paris, 1920, as quoted in 
(17)). 

t Psychoanalysis is not the only area for discovery in 
emotional realms where immediate consensus has carried 
suspicion of sterility. Robert Schumann, in writing of the 
“spiritual discoveries’ he expected from the young 
Brahms, predicted without contemporary consensus but 
with an ultimate consensual validation that might be 
hard to achieve solely through the mastering of a recent 
and scholarly treatise which relates such “‘spiritual dis- 
coveries’’ to modern learning theory [78]. 


Editorial 


organisms where is the microbiology laboratory 
of today’s hospital? Without consensus in over-all 
appraisal as a goal in the teamwork of today’s 
medical, surgical and pediatric services, where 


is the day-to-day across the board effectiveness? 


Thus to the physician in a general hospital it 
is particularly gratifying that, in the study men- 
tioned in the last section, the concern of the 
psychoanalytic group occasioned by a failure of 
consensus in their psychodynamic formulations 
of a patient has been fully as great as that oc- 
casioned by a failure to name the correct somatic 
diagnosis. 

There are aspects of assessment psychody- 
namic evidence which make the consensus of 
experts particularly reassuring to the physician 
who is not an expert. Let us take, by way of 
example the mechanism of denial, i.e., when an 
emotional configuration is not found by the 
examination used, its apparent absence may be 
weighted as of equivalent or stronger significance 
than if it had been found. 

Thus, among a recently studied group of sad, 
object-deprived patients with reticuloendothelial 
disease, is a patient who felt “‘her job a challenge 
and an honor,”’ who “‘emphasized how much she 
enjoyed her work, how well she did and how she 
could ‘take it.’ The authors go on to state 
“it was our impression that much of the.patient’s 
professed pleasure represented denial . . . that 


this role for the girl was a source of psychological 


dissolution even though more specific genetic or 
dynamic evidence was not elicited and there 
were no losses or separations of the type de- 
scribed for in the rest of the patients.”’ * 
Bookkeeping wherein to be in the red and to 
be in the black has a comparable meaning is 
precisely what patient Strepsiades sought from 
therapist Socrates in the “Clouds.” This is 
what Aristophanes laughed at in the dialogue be- 
tween the just and unjust logics, f and it still can 
make a hardheaded physician uncomfortable. 
Yet even a hardheaded physician with a bent 
for detached introspection can identify the 
mechanism of denial in his own everyday acts, 
e.g., in the personal facing of danger either from 


* See Greens, W. A., Jr., Youna, L. E. and Swisuer, 
S. N. Psychological factors and reticuloendothelial dis- 
ease. . Observations on a group of women and lym- 
phomas and leukemias. Presented in part at the Annual 
Meeting, American Psychosomatic Society, 1955. See 
also [79]. 

t ArisropHANEsS. The Clouds. (Translated by Rogers, 
B. B.) pp. 287, 311, 331, 337. Cambridge, 1950. Harvard 
University Press. 
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the external environment or internal disease. * 
While qualitatively detectable, no amount of 
solitary introspection can evaluate the weight 
this common psychodynamic defense carries in 
one’s daily affairs; indeed the greater the weight, 
the greater the likelihood of its introspective 
underestimate. 

This is true for many of the other non-logical 
defenses in the interpersonal relationships of 
crucial import to the psychosomaticist. As yet 
only psychoanalytic methods [20] have yielded 
any approach to an estimate of “weight” or 
quantitative significance. By reason of the nature 
of the methods and their data, quantitation is 
still of the crudest sort.t Validation still must 
come in the main through verification of predic- 
tions in terms of psychoanalytically oriented 
observation. This type of observation is one of 
the most time consuming and expensive the 
psychosomaticist has, particularly when com- 
bined with contemporaneous measurement of 
physiologic and biochemical parameters. Both 
the promise and the labor in such work may be 
appraised in many ongoing studies ranging 
from infancy. [27] to adulthood. f 

In working with larger numbers of patients, 
this scale of study is unwieldy if not impossible. 
A critical question facing many a psychosomatic 
worker today is this: At what point does one lose 
hope of validation in curtailing intensiveness and 
extensiveness of the psychodynamic study? 

The answer is not yet at hand. In part it must 
come from the projective technics of the 


* The former has been celebrated by the modern 
comic poet, W. S. Gilbert, in the introspective song of the 


policemen about to do battle with the redoubtable Pirates 


of Penzance: 


Though in body and in mind— 
We are timidly inclined— 

And anything but blind— 

To the danger that’s behind— 


Yet when the danger’s near— 
We manage to appear— 

As insensible to fear— 

As anybody here— 

AS ANYBODY HERE, etc., etc. 


t Indices of autonomic function, the various hormones 
of the adrenal gland, circulating enzyme levels have not 
yet refined the quantitation. Despite great labor in the 
last ten years, no group of physiologic or biochemical 
parameters appear to supplant the clinical gauge of the 
magnitude of an individual’s anxiety through an ap- 
praisal of the operation of his defenses against it. 

te.g., the studies of asthma under way at Boston 
University [22]. 
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psychology (which have always had the merit 
of cross validation by independent scorers). In 
part it must come from the scrutiny of the 
psychoanalytically oriented interview. Consensus 
of independent observers, while no guarantee, 
will probably prove necessary for correctness in 
the scrutiny. 

It is easy to see why this has been slow to come 
about for psychoanalytically obtained data. The 
relationship of psychiatrist and patient has 
stressed and should stress complete confidential- 
ity of content. Many workers have feared both 
distortion of data as well as interference with 
therapy might result from violation of this 
privacy in the interest of scientific method. 
Genuine doubts have accompanied the intro- 
duction and slowed the utilization of nearly 
every device lending itself to joint study, from 
the simple wire recorder and the one way screen 
to a continuous sound and cinematographic 
recording [23]. A similar concern has accom- 
panied the introduction of simultaneous physio- 
logical and pharmacologic measurements to the 
diadic therapeutic situation [24]. 

An increasing experience has in great measure 
allayed this concern through indication of the 


- areas in which distortion and/or interference 


with the patient-therapist relationship may or 
may not be expected. 


THE CRITERIA FOR IDENTIFICATION 
OF THE ORGANISM 


The Dynamics of Psychoanalytic Theory 


The originator of psychoanalysis differed from 
Aristophanes, among other ways, in this: a life 
dedicated to the use of “‘the just logic”’ to study 
the behavioral characteristics of “the unjust 
logic,” rather than to laugh at it. 

The resultant young body of theory (in addi- 
tion to a Capacity to arouse emotion equal to the 
greatest of the revolutionaries among scientific 
theories) has been suspected of even greater 
capacity to inhibit further elucidation at the 
hands of the very ‘workers who passed existing 
frontiers thereby. This is reflected in a question 
attributed to a distinguished contemporary 
physiologist: Why is it that of Einstein and Freud 
(whose first revolutionary publications were 
nearly simultaneous), theories of the former have 
been subject to revisions and extensions almost 
as revolutionary as their origins, while the 
theories of the latter are maintained in some 
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institutes in the static state prerequisite to sacred 
literature? 

The hardheaded physician (who has no 
trouble with accepting biologic fact of “‘unjust 
logic’? in the structure of psychodynamic de- 
fenses but wants just logic in appraisal of their 
psychosomatic significances) will feel encour- 
aged that many of his colleagues in psychoanaly- 
sis are intensively concerned with the same 
matters as related to mental illness. 

A psychoanalyst known for his broad scientific 
as well as research and clinical capacity has thus 
characterized [25| psychoanalytic theory of the 
1950’s: (1)‘*A mixture of propositional concepts, 
explanatory concepts, hypothetical constructs, 
inferences and many other necessary tools of 
good scientific theory, but here not sufficiently 
differentiated as to their nature and their degree 
of existential probability; (2) freely used meta- 
phors, analogies and similes, which have 
undoubted didactic and hence potential heuristic 
value, but only obfuscate the theoretical issues; 
and (3) a good bit of pure speculation.’’ The 
ongoing work of clarification, elaboration and 
verification seems likely to bring into the body of 
psychoanalytic theory the operational logic so 
eloquently elucidated for the physical sciences 
by the physicist Bridgman [26].* 

In this connection another quotation from the 
same psychoanalyst [25] is worth setting beside 
the first: “* . . . since for Freud the therapeutic 
goal was for a long time identical with maximal 
historical reconstruction, no distortion of the 
research method was involved. With this 
method he was able to make a series of unique 
observations which have subsequently been 
repeated thousands of times by other observers 
using the same method. If these direct observa- 
tions can in fact be made by this method only, 
which is true, in my opinion, for some but by no 
means for all of the basic data of psychoanalysis 

. it is entirely justified to demand that the 


* The somewhat distorted essence of Bridgman’s 
thought is this: that as a theoretical concept moves from 
heuristic to expository status, the degrees of freedom of its 
logical components should narrow to the degrees of 
freedom of the operations involved in its existential 
verification. 

On this basis, it has been well said that “‘the existential 
probability of such concepts as the unconscious or repres- 
sion is just about as high as that of the physical concept 
of matter, to judge by the same criteria of evidence”’ [25). 
But this is hardly equivalent to saying that any particular 
statement of these concepts has high existential probabil- 
ity, any more than the mere existential probability of 
‘“‘physical matter” favors a particular physical theory. 
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method itself be examined carefully for possible 
techniques which could increase its relative 
objectivity and accessibility to critical scrutiny 
without sacrificing its unique heuristic qualities.”’ 

The hardheaded physician, if he reads the 
original treatise on dreams [27] side by side with 
that of a contemporary psychoanalytic re- 
searcher [28], cannot escape the trend from 
heuristic gift (tempered only by an internal 
critique) to the rigor of a scientific logician. 

In many ways the road is harder than for the 
physical scientist. When one considers (even in a 
study of modest design) the shelf after shelf 
loaded with tape recordings of interviews and 
the reams of resultant transcriptions; the number 
of hours spent by psychoanalysts and psycho- 
logists in selection and semantic definition of 
variables subject to prediction and in devising 
scales to weight these; the number of hours spent 
in inevitable revisions after pilot codification of 
the first transcripts, one can stand appalled at 
the labor involved in certain of today’s more 
elaborate studies (i.e., the cinematographic- 
sound study [23)). 


THE PRODUCTION OF THE DISEASE IN A 
SUSCEPTIBLE ANIMAL SPECIES BY 
THE SPECIFIC MICROORGANISM 


Experimental Neurosis, Psychosis and Psychosomatic 
Disease 


In the history of microbiologic pathogeneses 
the third postulate of Koch has often had to be 
honored in the breach by reason of unsusceptibil- 
ity of animals. 

For the dynamic psychiatrist the value of 
animal evidence on the pathogenesis of human 
mental disease has had in recent years an in- 
creasing significance. 

Common to diverse schools of dynamic 
psychiatry has been a postulate of comparable 
appeal to the stirring political message of our 
Declaration of Independence.* No genealogical 
pedigree, no constitutional inadequacy, can 
deprive the individual of a right to mental 
health. The precipitating factors are considered 
in the main the individual’s life experiences and 
his responses thereto, with only such emphasis 
on inborn abilities or lack of them as everyday 
experience makes inevitable. In this framework 
schizophrenia has been suggested as an “‘ultima 
thule of reactions to stress,” and the broadening 


* For a more extended discussion of this point see p. 7 
in [29]. 
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of psychodynamics to a generalized science of 
biodynamics “‘whose theory must cover the 
whole range of behavior from ameba to man” 
has been envisaged {30}. 

The sparse therapeutic results of dynamic 
psychiatry in what Sullivan called “‘the patterns 
of difficulty” [37) (notably the psychoses), in 
part explains a prevalent longing for a patho- 
genetic Denkmittel* in such areas as the newer 
discoveries in the neurophysiology of the reti- 
cular substance and the limbic systems, or the 
metabolic degradation patterns of serotonin. 
A memorable example is a recent Academic 
Lecture to the Annual Meeting of the American 
Psychiatric Association [32]. For the psychoses its 
theme can be best distilled from a footnote: 
“the demonstration of a chemical factor in the 
causation of schizophrenia would not help 
us to understand the contents of schizophrenic 
delusions—; it would merely make them 
superfluous.” 

It is not difficult to understand the boost to 
psychodynamic spirits occasioned by reports of 
behavior resembling that seen by the psychiatrist 
in the office and hospital produced by purely 
behavioral technics in animals as different as 
sheep [35] and primates [.36}.} 


* Such a Denkmittel does not necessarily imply (al- 
though it is usually accompanied by) a “‘reductionism”’ 
in systematic description. For a succinct discussion of the 
logical errors in reductionism orde pp. 2-3, [29]. 

t In this connection the type of clinical result asso- 
ciated with the work of such gifted and lifelong students 
of schizophrenic communication as the late F. Fromm- 
Reichmann [33] is worth mention. Certainly whether 
therapeutic successes were based on an insight not 
readily communicated cannot be now determined. There 
is little question that the method used demands a skill 
and an intensity of staff [34] effort incompatible with 
state hospital treatment of schizophrenia today. How- 
ever, that “psychotherapy is not likely to relieve our 
overcrowding significantly’ [32] has no relevance at 
all to the validity, partial validity or invalidity of pyscho- 
dynamic hypotheses of schizophrenia. 

t While there have been some problems of reproduc- 
tion of results between various laboratories, an emphasis 
on species differences and a precision in definition of 
technics would seem to show a great part of the work on 
experimental neurosis as solidly grounded. 

An amusing and valid warning on interpretation has 
been hinted thus “the two year old girl who—secing a 
litter of puppies suckling a bitch, ran to her mother 
shricking ‘Come quick, the puppies are eating up Bon- 
nie,’ told us a good deal about her fantasies—not very 
much about the puppies.” ({26], p. 146.) 

The similarities to human mental illness (ranging from 
“nervousness” to evidence of hallucination) clearly 
do not establish comparable pathogenetic significances 
for man, however they do not seem to make it wise to 
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Many “psychosomatic”? phenomena have 
been encountered in this work with animals. 
While these phenomena resemble the tachy- 
cardias, the bowel hypermotilities, etc. that the 
physician sees in the office and general hospital, 
there has been little found that suggests specific 
relationships between the precipitating be- 
havioral situations and the patterns of psy- 
chosomatic response. The clamp on the renal 
artery still has the advantage over motivational 
conflict with outward action blocked as a 
reliable method of inducing a sustained animal! 
hypertension. 

Very recently, however, there has appeared 
some evidence for a possible breakthrough for 
psychosomatic specificity on the animal level. 

A strictly behavioral situation is presently 
under preliminary study, which, in certain 
primates appears to give rise to fatal peptic ulcer 
in well over three quarters of the animals 
studied. * 

If the preliminary observations are confirmed, 
how can relevance to human peptic ulceration be 
validated? 

Clearly, it is impractical in man to duplicate 
(with proper biologic controls) the pathogenetic 
animal situation. However, if one can make a 
broad interpretation of what the animal situa- 
tion might mean to man, one can (without 
recourse to any but commonplace language) 
describe many analogous situations into which 
man can get himself. Likewise, analogies can be 
seen with the psychodynamically phrased 
nuclear conflict that psychoanalysts have pro- 
posed for ulcer (although the pathogenetic 
situation was designed for an entirely different 
long term study whose completion the ulcers 
have in the main prevented). 

This setback has provided an opportunity to 
document on an animal level matters difficult 
to accomplish in man: e.g., the relationship of 
genetic background and types of pre-experi- 
mental animal farm experience to susceptibility, 
and the possible roles of neurophysiologic and 
humoral pathways in the linkage between the 
behavioral situation and the eroded bowel. 
A multidisciplinary team is obviously involved. 

As the data emerge it may be possible to 


neglect the possibility in the interest of a new “reduc- 
tionism.”’ (vide, again, [29}.) 

* Through the kindness of Drs. John W. Mason and 
David McK. Rioch of Washington, D. C., the writer has 
recently had opportunity to see the pathogenetic situa- 
tion in operation in the laboratory [37]. 
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describe the ulcer in terms of those conditions 
necessary and those combinations of conditions 
sufficient for the appearance and timing of disease 
manifestations. 


SOME TENTATIVE CONCLUSIONS 


Borrowed from a formalism of mathematical 
proof and recently urged for the clarification of 
psychodynamic pathogenetic significance [25], 
the specification of necessary and sufficient condt- 
tions is free of the philosophical objections to 
linear causality and is yet capable of indicating 
areas of value for therapeutic intervention for 
which the physician usually employs the word 
cause. With respect to psychosomatic enquiry 
there is no a priori limitation to the organizational 
level for which conditions may require specifica- 
tion: genetic, biochemical, neurophysiologic 
and psychodynamic may prove in the long run 
too brief a list. 

At present, and despite many suggestive leads, 
there is no conclusive evidence that a specific 
psychodynamic pattern is either a_ sufficient 
condition or a necessary condition in the patho- 
genesis of any clinical entity commonly called 
psychosomatic. 

Through the ongoing and active working out 
of existing leads there is emerging a sharpening 
of both psychodynamic observations and formu- 
lations; thus the psychodynamic aspects of 
psychosomatic studies are approaching the 
critique and precision expected of good clinical 
research on the biochemical and physiologic 
aspects. 

This sharpening is occurring at a very con- 
siderable expense of methodologic thought and 
labor, both past and future. How much of this 
can be obviated without sacrifice of the chance 
for validity is a problem that faces anyone 
designing a psychosomatic study today. Answers 
in part may come from the use of psycho- 
analytically based technics both as tools and as 
objects of intensive research. 

From the standpoint of the physician working 
in his office or in the general hospital, it is per- 
fectly clear that every patient with peptic ulcer, 
essential hypertension, asthma, ulcerative colitis, 
etc. cannot have psychoanalytically oriented 
therapy. It is far from clear that even were the 
army of analysts available, that this would be 
routinely advantageous. 

It is becoming clearer that events of daily 
living beyond being related to the ups and downs 
of the “‘psychosomatic’”’ diseases are related in a 
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fashion which to a greater or lesser extent 
is characteristic of the particular diagnostic 
category. 

Therefore, a knowledge of existing hypotheses 
on psychosomatic specificity can be of real 
advantage to the doctor who takes the patient 
as his responsibility, even though the psychiatric 
aspect of his therapy may be limited to advice 
on job, work and leisure activities, eating, sleep- 
ing and aspects of his interpersonal life which 
are expressible in commonplace terms. 

When listening to a patient’s story and rele- 
vant to weighing one’s advisory policy, it may 
sometimes emerge that problems in interpersonal 
relationships may play a role far more 
detrimental to the patient’s everyday function- 
ing than does the evidence of his psychosomatic 
disease. * 

Patients in this category probably stand in 
greatest need of skillful psychiatric help. Where 
available, and when feasible, great assistance can 
be had in joint medical-surgical and psychiatric 
management. Here the experienced psychiatrist 
can be as much aid in prognosist as in day-to- 
day, week-to-week, year-to-year management. 
Simple cure from psychotherapy can rarely 
be expected; many a “‘psychosomatic”’ condition 
has outlived years of continuous psychoanalysis. 

But an important and sometimes indispensa- 
ble role in palliation can be validated from 
clinical experience. 

When skilled psychiatric help is not available, 
the doctor may undertake to substitute but in so 
doing he should stay the simply human doctor 
and not play psychiatrist. I start those of my 
house staff who seem to have a bent for this sort 
of work, not with the detail of specificity hy- 
potheses, but with the reading of a single book 
[33], chosen for four reasons: (1) because it is 
short; (2) because it contains a minimum of un- 
validated theory; (3) because it graphically 
depicts the potential discomforts of the doctors, 
young and old, in therapeutic relationships they 
do not fully understand; and (4) because its 


* Such listening is best taken in stages, sandwiched in 
with the ordinary enquiries dealing with other aspects of 
the patient’s problem. As an experienced worker of 
psychosomatics is reputed to say to his students “If the 
patient takes you for a psychiatrist at this stage, you 
flunk.”’ [38]. 

t In addition to the natural history of psychosomatic 
diseases, the psychiatrist has other areas of natural his- 
tory to lean on (vide Sullivan’s description of prognostic 
thinking in an acute schizophrenic break; [37], p. 195 
et seq.). 
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emphasis is on the value of listening and the 
harms of premature interpretation. The greatest 
of these is listening, and by this, after all, are 
specificity hypotheses going to be judged in the 
individual daily practice of medicine. 


16. 
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Clinical Studies 


The Natural History of Postnecrotic Cirrhosis’ 


A Study of 221 Autopsy Cases 


RicHARD A. MACDONALD, M.D. and G. KENNETH MALLORY, M.D. 


Boston, Massachusetts 


OSTNECROTIC Cirrhosis has been recognized as 
P: pathologic entity for several decades [7] 
but it is probably the least well studied of the 
various morphologic types of cirrhosis. Among 
the reasons for a lack of attention has been its 
uncommon occurrence, a need for pathologic 
confirmation before it can be differentiated from 
other, more clinically apparent types of cir- 
rhosis, and a reluctance on the part of many 
clinical workers to accept it as a true cirrhosis 
(2,3|. It-has recently been noted that the inci- 
dence of postnecrotic cirrhosis has markedly 
increased among autopsy cases at this hospital 
during the years 1947 to 1954 [4,5], and that 
postnecrotic cirrhosis predisposes to primary 
hepatic carcinoma with much greater frequency 
than other types of cirrhosis [4-7]. The present 
study was therefore undertaken to investigate 
these observations further and to study the 
natural history of the disease. An analysis has 
been made of the clinical, laboratory and 
pathologic features of 221 cases in which 
autopsy has been performed at the Boston City 
Hospital during the years 1917 to 1956. 


REVIEW 


Terminology. Many terms have been used to 
denote postnecrotic cirrhosis, the earliest of 
which was probably “‘multiple nodular hyper- 
plasia,”’ used by Felix Marchand, a German 
pathologist, in 1895 [8]. Mallory, who in 1911 
first accurately characterized the pathologic 
features and distinguished it from other types of 
cirrhosis, referred to it as a ‘‘toxic’’ cirrhosis [7], 
although he later adopted the term “healed 
acute yellow atrophy”’ [9]. Karsner [ 70] is usually 


credited with proposing the name postnecrotic 
cirrhosis, which is widely used at the present 
time. Other terms have included ‘“‘coarse 
nodular cirrhosis” [77], ‘‘posthepatitis cirrhosis” 
[72], and “‘postnecrotic scarring” { 70). 

Relation to Acute Yellow Atrophy. The etiology 
of postnecrotic cirrhosis is far from clear at the 
present time; it is often considered to follow an 
acute injury to the liver, in contrast to a chronic 
progressive injury such as occurs in patients with 
chronic alcoholism and poor nutrition {77}. 
According to this concept, if a patient does not 
die of acute yellow atrophy of the liver, but 
instead recovers, a healed acute atrophy or 
postnecrotic cirrhosis may result [7]. It is still a 
matter of some controversy whether or not viral 
hepatitis, which may cause an acute necrosis of 
the liver, may lead to postnecrotic cirrhosis. 
The earliest cases of acute yellow atrophy were 
probably recorded by Baillou, who died in 1616 
|/3|, and the term was proposed by Rokitansky 
(14|, who described the pathologic changes. 
Frerichs [/5| emphasized the clinical features 
and summarized most cases up to 1857. Follow- 
ing early descriptions and a general recognition 
of the condition of acute yellow atrophy, the 
question arose as to whether or not it could occur 
in a healed state. Up to 1908 approximately 
thirty cases of recovery were recorded, but such 
recovery was not fully accepted until McDonald 
and Milne | /6| gave extensive descriptions of five 
cases in healing stages, and until Umber [/7] 
reported a carefully documented case of 
recovery. 

Etiology. ‘Three possible etiologic factors have 
received particular attention in  postnecrotic 


* From the Mallory Institute of Pathology, Boston City Hospital, and the Departments of Pathology of Harvard 
Medical School and Boston University School of Medicine, Boston, Massachusetts. Aided by Research Grant A-1519 
from the Institute of Arthritis and Metabolic Diseases, National Institutes of Health, United States Public Health 


Service. 
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cirrhosis. The first has been the relationship 
between viral hepatitis and postnecrotic cir- 
rhosis. Observations concerning the role of viral 
hepatitis in causing cirrhosis in man might 
arbitrarily be grouped under three headings: 
(1) those studies in which there have been chiefly 
clinical observations | /8-25); (2) those in which 
information has been obtained from autopsies 
_26-32\; and (3) biopsy studies in which patients 
with viral hepatitis have been followed up for 
periods of months to years by means of histologic 
as well as clinical observations [/2,33-42|. One 
limiting factor in reviewing the majority of these 
studies has been the failure of most workers to 
distinguish cirrhosis of the postnecrotic type 
from other morphologic types of cirrhosis. From 
autopsy studies it has not been possible to 
establish the conditions giving rise to cirrhosis, 
and many possible factors have often been pres- 
ent, such as alcoholism, cholelithiasis and viral 
hepatitis {37}. Probably the best evidence to date 
that cirrhosis occurs as a result of viral hepatitis 
comes from studies in which patients with known 
hepatitis have been followed up for long periods 
of time with clinical observations and hepatic 
biopsies. Roholm and Iverson [40] in 1939 were 
the first to carry out such studies. 

The second etiologic factor of interest has been 
hepatic toxins such as carbon tetrachloride, 
but there is very little evidence to implicate 
toxins in most cases of cirrhosis in man. A coarse 
nodular cirrhosis can be produced in experi- 
mental animals using agents such as carbon 
tetrachloride | 43), selenium | 44] and chlorinated 
hydrocarbons [45,46|, but a portal type of cir- 
rhosis is produced with most agents | 47,48], and 
varying types of liver damage are produced 
with others, most of which appear to bear 
little resemblance to postnecrotic cirrhosis in 
man |49-62). 

The third etiologic factor of interest has been 
dietary deficiencies. Himsworth and Glynn 
\63-65| popularized the concept that protein 
deficiency may be of importance in cirrhosis of 
the postnecrotic type, although caution has been 
expressed concerning the applicability of experi- 
mental work in animals to hepatic necrosis in 
man [66,67]. The earlier work leading to the 
concepts of Himsworth and Glynn, and subse- 
quent experiments that have added to our 
knowledge of experimental liver disease, have 
been well reviewed by Beveridge [66], Hartroft 
(67|, and in publications of a conference on 
nutritional factors and liver disease [68]. 
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MATERIALS AND METHODS 


The present study deals with 221 cases of 
postnecrotic cirrhosis in which autopsy was 
performed at the Mallory Institute of Pathology 
during the years 1917 to 1956. Cases were found 
by means of a systematic search of autopsy 
protocols [4,5]; these were studied and ab- 
stracted. Microscopic sections of the liver from 
all subjects were reviewed, and in this way 
twelve equivocal cases were excluded from 
consideration. In addition, stored liver tissue 
that had been fixed in Zenker’s solution was 
obtained in nearly every case, and further sec- 
tions were prepared and stained with phloxine 
methylene blue, Mallory’s aniline blue stain 
for connective tissue, and a modification of 
Bielschowsky’s silver stain for reticulum. Stored 
microscopic sections of kidney, heart, pancreas 
and other organs were reviewed in cases in which 
the diagnostic findings had been indefinite or 
equivocal. 

The 221 cases of postnecrotic cirrhosis were 
analyzed as one group and as three subgroups. 
The subgroups were as follows: thirty-one pa- 
tients with primary hepatic carcinoma in addi- 
tion to postnecrotic cirrhosis, twenty-six patients 
with fatty nutritional (alcoholic) cirrhosis in 
addition to postnecrotic cirrhosis, and 164 pa- 
tients with postnecrotic cirrhosis without either 
hepatic carcinoma or fatty nutritional cirrhosis. 
Of the 221 patients, the clinical records of 168 
were available for review. These consisted of 
twenty-five of the thirty-one patients with pri- 
mary hepatic carcinoma and _postnecrotic 
cirrhosis, twenty-two of the twenty-six patients 
with fatty nutritional cirrhosis in addition to 
postnecrotic cirrhosis, and 121 of the 164 patients 
with uncomplicated postnecrotic cirrhosis. Cases 
of acute and subacute atrophy were not included 
in the present study. 


ANALYSIS OF PRESENT CASES 


Age. Figure 1 illustrates the age by decades 
of the 221 patients in this study. The predomi- 
nant age range was fifty to seventy-nine years; 
approximately 75 per cent of the patients were 
age fifty or more. The average age of all patients 
in the study was fifty-seven years. There was no 
significant age difference among Caucasians, 
Negroes and Chinese. As might be expected, the 
average age of patients during the most recent 
years, 1947 to 1956, was somewhat greater 
(sixty years) than in previous years, 1917 to 
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AGE BY DECADE 


Fic. 1. Age and sex of 221 patients with postnecrotic cirrhosis. 


1946 (fifty-eight years), but this increase was 
only slight, as pointed out in previous publica- 
tions [4,5]. The average age of the patients 
with primary hepatic carcinoma was sixty years, 
slightly greater than that of patients with post- 
necrotic cirrhosis alone (fifty-eight years) and 
of patients who had fatty nutritional cirrhosis in 
addition to postnecrotic cirrhosis (fifty-two 
years). Despite recent increases in the occurrence 
of postnecrotic cirrhosis, the average age of 
patients was not significantly different from 
former years; the average age of 21,202 patients 
autopsied at this institute during the years 1917 
to 1954, omitting infants and stillborns, was 
fifty-seven years. Similarly, the average age of 
all patients autopsied, excluding infants and 
stillborns, during the years 1947 to 1954 was 
sixty-three years, so that the average age at 
death of patients with postnecrotic cirrhosis was 
comparable to that of all patients at this 
institute. 

Sex. As shown in Figure 1 the number of 
males (59 per cent) with postnecrotic cirrhosis 
outnumbered females (41 per cent); males out- 
numbered females at all ages with the exception 
of the decade forty to forty-nine years. Increases 
in postnecrotic cirrhosis during the recent years 


were not related to an unusual number of cases 
in females. There were no cases of postnecrotic 
cirrhosis in Chinese females in this series. This 
is most probably related to the fact that of 
eighty-three autopsies performed on Chinese 
persons in 23,114 autopsies, only five were per- 
formed on Chinese females, and three of these 
were infants. 

Race. Ninety-one per cent of the 221 patients 
in this study were Caucasians, 7 per cent were 
Negroes and 2 per cent were Chinese. The 
autopsy population of this institute is made up of 
comparable percentages of the three races with 
the exception that Chinese persons are rarely 
seen among autopsy cases. Ninety-one per cent 
of 23,114 autopsies over a_ thirty-eight-year 
period were performed on Caucasians, 8.7 per 
cent on Negroes, and 0.3 per cent on Chinese. 
The incidence of postnecrotic cirrhosis among 
Chinese was therefore greater than would be 
expected from their prevalence in the autopsy 
population. 

The number of patients who were born in 
countries other than the United States was of 
interest. Information as to place of birth was 
available in 168 records of which fifty-nine pa- 
tients (35 per cent) were foreign-born; all had 
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MAJOR COMPLAINTS UPON ADMISSION TO HOSPITAL OF 168 PATIENTS WITH POSTNECROTIC CIRRHOSIS 


337 


| Complaints 


Data Stupor Weakness 
Ascites Berens promo and Jaundice | and Weight | Other 
(%) (%) a Lethargy (%) Loss (%) 
(%) (%) 

Total: 168 patients with post- 

necrotic cirrhosis.......... a 30 17 14 12 9 3 15 
121 patients with postnecrotic | | 

Ee 28 12 15 14 10 | 0 21 
25 patients with primary hepatic 

carcinoma and postnecrotic 

RE 16 56 4 0 4 20 0 
22 patients with fatty nutritional | 

cirrhosis and postnecrotic | 

ces 55 0 18 18 | 9 0 0 


been in this country for at least ten years before 
death. In addition, the five Chinese patients 
were presumed to have been born outside the 
United States, but definite statements to this 
effect were not given with the records. Of the 
fifty-nine patients born abroad, twelve were 
born in Ireland, twelve in Italy, seven in Greece, 
five in Sweden, four in Canada, three each in 
England, Norway and Newfoundland, two each 
in Germany, Portugal and Lithuania, and one 
each in Poland, Bermuda and the Cape Verde 
Islands. Among twenty-five patients with pri- 
mary hepatic carcinoma complicating post- 
necrotic cirrhosis thirteen (52 per cent) were 
foreign-born. Four were from Italy, four from 
Greece, and one each from Canada, Ireland, 
Sweden, Portugal and Cape Verde Islands. 


CLINICAL DATA 


Chief Complaint. The presenting complaints 
of 168 patients in this study are shown in Table 1. 
The most common complaint (30 per cent) was 
that of increasing or recent onset of ascites and 
edema; next (17 per cent) was that of abdominal 
pain, due for the most part to the occurrence 
of pain in patients with hepatic carcinoma; and 
third (14 per cent), was the complaint of vomit- 
ing of blood, generally of onset within a day of 
admission, and occurring without prodromal 
warning. Remaining complaints were stupor 
and lethargy progressing to hepatic coma (12 
per cent), recent onset of jaundice (9 per cent), 
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weakness and weight loss (3 per cent) and miscel- 
laneous complaints, generally not related to 
liver disease (15 per cent). Certain differences 
among the various groups were noteworthy. 
Ascites was most frequent in patients who also 
had fatty nutritional cirrhosis, while abdominal 
pain occurred in more than half of the patients 
with primary hepatic carcinoma, and was far 
less common in other groups. Although bleeding 
complications are more frequent among patients 
with hepatic carcinoma than in patients with 
cirrhosis alone [5], fewer patients with hepatic 
neoplasm sought hospital admission with initial 
complaints of vomiting of blood than was true 
of patients who did not have hepatic carcinoma. 
None of the patients with hepatic carcinoma 
presented with stupor and lethargy progressing 
to hepatic coma, a difference from the other 
groups, and the only patients with complaints 
of marked weight loss and weakness of such 
degree as to raise the question of neoplasm were 
those with hepatic carcinoma. Finally, a signifi- 
cant number of patients with uncomplicated 
postnecrotic cirrhosis presented with complaints 
unrelated to liver disease, such as infection, 
pneumonia and myocardial infarction. It may 
be inferred that in the majority of these patients 
cirrhosis was not symptomatic. 

The pain in patients with hepatic carcinoma 
was chiefly abdominal, located in the right upper 
quadrant and the epigastrium. The character 
of the pain was usually described as crampy or 
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episodic, often with an additional steady dull 
upper abdominal ache. In these patients the 
duration of pain before admission ranged from 
two weeks to two years with an average of 4.8 
months. Among those patients whose major 
complaint was pain, one-fourth also had marked 
ascites of recent onset. 

Among 121 patients with uncomplicated post- 
necrotic cirrhosis the principal complaint on 
admission was increasing ascites and edema. 
The duration of ascites was one to one and a 
half years in four of thirty-four patients, but 
averaged only seven weeks in the remaining 
thirty patients. Fourteen patients (12 per cent) 
had abdominal pain as the chief complaint, but 
of these one-half had peritonitis, peptic ulcer or 
obstruction of the common bile duct. 

Among twenty-two patients with fatty nutri- 
tional cirrhosis, the major presenting complaint 
was recent or severe and intractable ascites. 
In this group the average duration of ascites 
before admission was 4.4 months, with a range of 
two weeks to eighteen months. Of these patients 
five or 23 per cent had, in addition to other ma- 
jor complaints, some degree of abdominal pain. 
In only two patients was this upper abdominal 
or right upper quadrant pain; in the remaining 
three the pain was lower abdominal and crampy 
in character. One of these five patients had a 
bleeding peptic ulcer but in the remaining 
four there were no findings at autopsy to explain 
abdominal pain other than liver disease. 

Duration of Illness. ‘The length of time that 
patients were in poor health before admission 
to the hospital was of interest. Of 166 patients, 
54 per cent had been ill less than six months, 11 
per cent had been ill for a period of six months to 
one year, 15 per cent from one to two years, and 
20 per cent more than two years. In summary, 65 
per cent of the patients in this study were ill less 
than a year, and 80 per cent were ill less than 
two years. 

Use of Alcohol. ‘The clinical records of 146 
patients contained definite information con- 
cerning the use of alcohol. Twenty-three per 
cent of these patients stated that they did not use 
alcohol in any amount, and the majority of such 
histories were borne out by information given 
during a previous admission, or by information 
obtained from family and friends. Eighteen per 
cent stated that they took only an occasional 
drink or no alcohol at all, 14 per cent used 
alcohol to a moderate degree, and 35 per cent 
were heavy and chronic users of alcohol. The 
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patients in this study thus might be divided into 
two large groups in regard to use of alcohol: 
51 per cent either did not consume alcohol in 
any form or took only an occasional drink, while 
49 per cent were moderate to heavy users of 
alcohol. When patients with hepatic carcinoma 
were compared with patients with uncompli- 
cated postnecrotic cirrhosis, there were no 
significant differences regarding alcohol con- 
sumption. Differences in history of alcohol intake 
were found, however, in comparing patients 
who had coexistent fatty nutritional cirrhosis 
in addition to postnecrotic cirrhosis; the major- 
ity of such patients gave a history of excessive 
alcohol intake. 

Nutrition. Of 108 patients with a definite 
statement in the record concerning nutrition, 
63 per cent were said to have had adequate 
nutrition, which in general included meat in the 
diet and at least two meals per day. The remain- 
ing 37 per cent gave a history of poor dietary 
habits, often related to alcoholism. Poor dietary 
history was especially frequent among patients 
who also had fatty nutritional cirrhosis. Among 
nineteen patients with primary hepatic ¢ar- 
cinoma, 37 per cent gave a poor dietary history. 

Previous Jaundice and Hepatitis. Information 
related to previous hepatitis or jaundice was 
available from the clinical records of 168 pa- 
tients, and from an additional twenty-two 
patients whose clinical histories and courses were 
briefly summarized in pathological protocols. 
Forty-five patients (24 per cent) had in the past 
had jaundice or an illness suggesting hepatitis. 
These cases are summarized in Table u. In 
many instances the interpretation of a previous 
disease such as hepatitis was made by the authors 
from a review of the clinical and epidemiologic 
features of the earlier disease. In 80 per cent of 
the forty-five patients the initial illness was 
accompanied by jaundice and in the remaining 
20 per cent a definite statement of jaundice at the 
time of the illness was not recorded. The previous 
jaundice or hepatitis took place several years 
before death in most cases. The average period 
of time from an initial episode of jaundice until 
death with postnecrotic cirrhosis was thirteen 
years, excluding a single instance in which the 
interval was unusually long, seventy years. 
Thirty-three per cent of the forty-five patients 
had been receiving parenteral injections shortly 
before the onset of jaundice, and an additional 
4 per cent became icteric during an outbreak of 
epidemic jaundice, in which persons of their 
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acquaintance had been similarly ill. The use of 
alcoholic beverages in the forty-five patients was 
approximately the same as in all patients in this 
study; 35 per cent stated that they did not con- 
sume alcohol in any amount, 25 per cent used 
alcohol in slight to moderate amount, and 40 
per cent were consumers of alcohol to excess for 
several years. In approximately 9 per cent of 
cases the initial episode of jaundice was preceded 
by chronic intake of alcohol and the jaundice 
might have been related to the ingestion of 
alcohol. These cases are included, however, 
because it might also be speculated that in these 
patients alcohol intake complicated a viral 
hepatitis. 

The forty-five patients could be considered in 
two groups according to the time interval from 
the initial episode of jaundice (presumably 
representing viral hepatitis) to the appearance 
of manifestations of continued or severe liver 
damage. Such manifestations were the appear- 
ance of ascites, recurring jaundice, recurring 
pain in the right upper quadrant of the ab- 
domen, or a diagnosis of cirrhosis of the liver 
made during a subsequent hospital admission. 
The largest number, 62 per cent, was that in 
which an asymptomatic period of from three to 
seventy years, with an average of fifteen years, 
elapsed before the appearance of manifestations 
of continued or severe liver disease. Once these 
features became evident, 32 per cent of the 
twenty-eight patients survived two to eighteen 
years, with an average of six years, while 68 per 
cent survived an average of only two months. 
The second group, 38 per cent of the forty-five 
with previous jaundice or hepatitis, was that in 
which recurring jaundice, ascites or pain in the 
right upper quadrant developed within a year 
of the initial episode of jaundice, and nearly all 
these patients continued to have jaundice, 
ascites or pain at intervals until death. The 
average time from the initial episode to mani- 
festations of continued liver damage was four 
months in thirteen of the seventeen patients, 
excluding here four patients in whom alcohol 
appeared to be a precipitating factor in the 
development of jaundice. In these thirteen pa- 
tients the time elapsed from the onset of ascites 
or jaundice to death was seventeen months. 

From the data it might be speculated that 
there are two courses followed by patients in 
whom cirrhosis develops after hepatitis. (Fig. 2.) 
Approximately two-thirds of patients have a 
long latent period averaging fifteen years before 
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the onset of ascites, recurring jaundice or recur- 
ring pain in the right upper quadrant. Once 
these manifestations appear, two-thirds are 
dead in an average time of two months, while 
approximately a third of patients survive an 
average of six years. The second course is 


TABLE 
PAST HISTORY OF HEPATITIS, JAUNDICE, SYPHILIS, MULTIPLE 
PARENTERAL INJECTIONS AND SURGICAL PROCEDURES 
AMONG 190 PATIENTS WITH POSTNECROTIC 


CIRRHOSIS 
Patients 
Patients in Each 
in Each | Category 
Category | (Omitting 
Past History (Per cent | Duplications) 
of 190 (Per cent 
Patients) of 190 
Patients) 
Hepatitis or jaundice. . 24 24 
Antisyphilitic therapy... . 14 11 
No known antisyphilitic | 
Multiple parenteral injections — 
other than for antisyphilitic | 
Previous surgical procedures _ 
(at which time parenteral _ 
injections were given)... .. | 44 17 
| 74 


followed by the remaining third of these patients. 
After the initial episode, evidence of continued 
or severe liver damage appears within approxi- 
mately one year. Manifestations of liver damage 
in this group are then more or less continuous 
until death, and the average survival from onset 
of symptoms is only seventeen months. 

Previous Antisyphilitic Therapy and Multiple 
Injections. A total of forty-three of the 190 pa- 
tients (23 per cent) either had syphilis in the 
past or had serological syphilis at the time of their 
terminal admission. In seventeen of the forty- 
three patients there was no information con- 
cerning previous antisyphilitic therapy, in 
twenty-six there was a definite history of multi- 
ple injections during the course of such therapy. 
In only one instance was penicillin given; in all 
other cases treatment was with the heavy metals, 
chiefly arsenicals, bismuth and mercury. The 
time before death when therapy was admin- 
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0.7 % (est,) 
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| 


| LATENT PERIOD OF 4 T0 70 YRS. 
AVERAGE YRS. 
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| V 


V 
DEATH DEATH 
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with Postnecrotic Cirrhosis 
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13 
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THEN’ RECURRING JAUNDICE, ASCITES, 
R™ UPPER QUADRANT PAIN 


DEATH 
in average time of 
17 Months 
with Postnecrotic Cirrhosis 


Fic. 2. Schematic concept of postnecrotic cirrhosis following viral hepatitis. 


istered was generally several years; one patient 
had received therapy six months before death; 
in the remaining twenty-five patients the aver- 
age time was twenty-six years prior to death, 
although of this number nine patients continued 
to receive courses of therapy for as long as twenty 
years after the initial treatment. Only five of the 
twenty-six patients gave a history of complica- 
tions during antisyphilitic therapy; in three 
cases this was jaundice, in one case it was epi- 
gastric distress, and in one case it was an illness 
characterized by epigastric distress and an en- 
larging liver. Of the twenty-six patients six 
denied drinking alcohol in any form, seven 
stated that they took only occasional social 
drinks, and eleven were heavy users of alcohol 
for approximately twenty years before death; 
no history concerning alcohol intake was avail- 
able in two patients. It appeared that only two 
patients had used alcohol to excess prior to 


receiving antisyphilitic therapy, and the re- 
maining nine heavy drinkers dated the onset of 
excesses from about the time when anti- 
syphilitic therapy was given. Of the 190 pa- 
tients fifty-nine (26 per cent) had received 
multiple injections other than as courses of 
therapy for syphilis. These were usually given 
during hospitalization in the form of mercurials, 
in giving British anti-lewisite (BAL) for Wilson’s 
disease, and as various types of intramuscular 
and intravenous therapy. Eighty-three patients 
of the 190 (44 per cent) had undergone surgical 
procedures several years prior to death, at which 
time injections had been given. Chief among 
these procedures were appendectomy, hyster- 
ectomy and gastrectomy. In summary, as shown 
in Table u (in which duplications are excluded) 
24 per cent of patients in this study had hepatitis 
or jaundice several years prior to death, and an 
additional 44 per cent had been at greater 
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than usual risk in regard to viral hepatitis in 
that they had received therapeutic or parenteral 
injections while in the hospital. 

Relation between Diabetes Mellitus and Post- 
necrotic Cirrhosis. The relationship between 
diabetes mellitus and Laennec’s cirrhosis has 
been a subject of controversy in the past [2,69-77]. 
In the present study there appeared to be an 
association between diabetes mellitus and post- 
necrotic cirrhosis and for this reason it is con- 
sidered in some detail. Among autopsies, 
diabetes mellitus occurred with the same fre- 
quency in persons with cirrhosis as in persons 
who did not have cirrhosis. The converse was 
also true, that cirrhosis was of the same fre- 
quency in persons with diabetes mellitus as in 
persons who were not diabetic. However, there 
were differences when specific morphologic 
types of cirrhosis were considered. These are 
summarized in Table 1m, based on an analysis of 
10,015 consecutive autopsies during the years 
1945 to 1955. The incidence of clinically diag- 
nosed diabetes mellitus was 4.8 per cent in 
10,015 autopsies; among patients with cirrhosis 
it was approximately the same, 4.9 per cent, as 
in persons without cirrhosis, 4.7 per cent. As 
stated, the converse relationship was also true; 
among diabetic patients the incidence of cir- 
rhosis was 13.8 per cent and in persons without 
diabetes it was 13.4 per cent. Three groups of 
patients with cirrhosis differed in this relation- 
ship; these were patients with postnecrotic 
cirrhosis, patients with fatty nutritional cir- 
rhosis, and patients with hemochromatosis. 
Postnecrotic cirrhosis occurred in 2.5 per cent of 
persons with diabetes as compared with 1.3 per 
cent of persons without diabetes (X?:4.31), and 
hemochromatosis was found in 1.5 per cent of 
those with diabetes but in only 0.5 per cent of 
those without (X*:5.57). Fatty nutritional 
(alcoholic) cirrhosis was less frequent among 
diabetic patients, occurring in 4.2 per cent, 
compared with an incidence of 7.3 per cent 
among those without diabetes (X7:5.57). The 
latter is of interest because hepatomegaly due to 
fatty infiltration was slightly more common 
among diabetic patients (14.0 per cent) than 
among non-diabetic patients (10.6 per cent), 
although the difference was not statistically 
significant (X?:0.10). The remaining types of 
cirrhosis, biliary, cardiac and undetermined, 
occurred with approximately the same fre- 
quency in those with diabetes as in those without 


diabetes. 
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LABORATORY DETERMINATIONS 


Hematologic Studies. Routine blood studies 
yielded few results of diagnostic importance. 
The average hematocrit value in 105 patients 
was 35 per cent. There was no significant differ- 
ence in values upon comparing patients with 


TABLE 
RELATIONSHIP OF CIRRHOSIS AND DIABETES MELLITUS IN 
10,015 AuTOPsY CASES AT THE MALLORY INSTITUTE 
OF PATHOLOGY, 1945 To 1955 


Incidence of 
tncidence of | Incidence of | 
Cirrhosis in Cirrhosis in oun, fen 
Type of Cirrhosis Pers with 
Cirrhosis 
(%) (%) (%) 
2.5 9.0 
Fatty nutritional. . 4.2 aaa 2.8 
Hemochromatosis.. . 1.5 0.5 13.0 
es 1.9 1.5 6.0 
Undetermined 2.7 1.9 6.8 
awe | 13.8 13.4 
Fatty infiltration*. | 14.0 10.6 6.2 


* Although fatty infiltration of the liver is not a type of cirrhosis, the 
group is included here for comparison. 


uncomplicated postnecrotic cirrhosis with those 
who also had primary hepatic carcinoma or 
fatty nutritional cirrhosis. In 101 patients the 
white blood cell count averaged 7,480 cells per 
cu. mm.; in 133 patients the average poly- 
morphonuclear differential count was 77 per 
cent, and the lymphocyte differential count was 
17 per cent. In sixty additional patients the 
white blood cell count was greater than 10,000 
cells per cu. mm.; in all but three of these cases 
conditions were found at autopsy that were 
sufficient to explain the elevated white blood cell 
counts. The findings were infection—chiefly 
pneumonia, peritonitis and pyelonephritis— 
bleeding esophageal varices, pancreatitis, acute 
myocardial infarction and pulmonary infarction. 
There was no evidence that patients with un- 
complicated postnecrotic cirrhosis had elevated 
white blood cell counts due to liver disease and 
it may be inferred that an elevated white blood 
cell count in a patient with postnecrotic cir- 
rhosis should lead to the suspicion of a com- 
plicating illness. The fasting blood sugar in 
forty-five patients, excluding those with known 
diabetes mellitus, averaged 104 mg. per cent; 
lower values were found in patients with super- 
imposed hepatic carcinoma than in other pa- 
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TABLE IV 
AVERAGE VALUES OF LIVER FUNCTION TESTS IN PATIENTS WITH POSTNECROTIC CIRRHOSIS 
Patients with | Patients wah Pationts All Patients 
p | Postnecrotic Postnecrotic th 
Laboratory Determination ostnecrouc Cirrhosis and | Cirrhosis and — 
Cirrhosis H F | Postnecrotic 
| Only | epatic Fatty Nutri- Cirrhosis 
| Carcinoma | tional Cirrhosis 
Bromsulphalein (BSP) (% retention)............. : (27)* 31 | (11) 46 | (8) 46 | (4) 37 
Prothrombin time (% of normal)............. al (42) 65 | (17) 61 (12) 64 | 2h 2 
Cephalin flocculation test (% abnormal). . sao) See 90 (16) 94 | | (80) 93 
Formol gel test (% abnormal)........ (40) 58 (12) 83 | | (64) 61 
Serum total protein (gm. %)..... | | (64) 5.9 (18) 6.2 | (12) 6.4 | we 61 
Serum albumin (gm. %)........ (42) 2.8 2.4 | 68.7 
Serum alkaline phosphatase (Bodansky Units)... . | (24) 5.2 (9) 6.6 (4) 5.2 | (37) 5.5 


* Figure in parentheses indicates the number of patients in whom the laboratory determinations were made. 


tients with postnecrotic cirrhosis. Among eight Liver Function Tests. Liver function tests are 


patients with primary hepatic carcinoma the 
fasting blood sugars averaged 76 mg. per cent. 
Two values were 50 mg. per cent or less, and 
only one value was 100 mg. per cent or more. 
Among patients with associated fatty nutritional 


TABLE V 
WEIGHT OF THE LIVER AT AUTOPSY IN PATIENTS WITH 
POSTNECROTIC CIRRHOSIS 


Liver Weight (gm.) 


Grou | | 
P 1,000— 1,501— | 2,001- 


1,500 | 2.000 | 2.500 


>2.500 
| (%) | (%) | (%) | 


159 Patients with post- 
necrotic cirrhosis only ee 44 16 
26 Patients with postnecrotic 
cirrhosis and fatty nutri- | | 
31 Patients with postnecrotic| | 
cirrhosis and primary | | 
hepatic carcinoma...... 


~J 
~ 


cirrhosis, and patients with uncomplicated 
postnecrotic cirrhosis, the fasting blood sugar 
averaged 97 mg. per cent; only two were below 
100 mg. per cent, and one of these was 60 mg. 
per cent with no apparent explanation from the 
findings at autopsy. The finding of low fasting 
blood sugar values in patients with primary 
hepatic carcinoma is of interest because of 
reported cases of spontaneous hypoglycemia [5], 
and because of studies showing that patients 
with hepatic carcinoma have altered glucose 
tolerance tests [72,73]. 


summarized in Table tv. There was little differ- 
ence in tests among patients with primary 
hepatic carcinoma as compared with other 
patients with postnecrotic cirrhosis, with the 
exception of the alkaline phosphatase deter- 
mination, which was slightly elevated (average 
of 6.6 Bodansky units) in patients with hepatic 
carcinoma. A feature of interest was that the 
average serum globulin value was only 3.5 gm. 
per cent in sixty-five patients with postnecrotic 
cirrhosis, a finding in contrast to many studies 
in which higher globulin values have been re- 
ported [{37,37,74—-79]. 


AUTOPSY FINDINGS 


Liver. ‘The size of the liver in postnecrotic 
cirrhosis was generally reduced, although the 
clinical findings of a palpable liver were very 
misleading in that 50 per cent of patients had 
had palpable livers, but in 15 per cent of 
cases with a palpable liver the hepatic weight 
was 950 gm. or less at autopsy. Patients with 
hepatic carcinoma frequently had a palpable 
liver (84 per cent), and the findings in iis 
group generally correlated well with hepato- 
megaly at autopsy. 

As shown in Table v, the weight was 1,500 
gm. or less in 76 per cent of cases of uncom- 
plicated postnecrotic cirrhosis. The addition of 
fatty nutritional cirrhosis or primary hepatic 
carcinoma to postnecrotic cirrhosis occasionally 
increased the size of the liver, but even with 
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these conditions the liver weighed 2,000 gm. or 
less in approximately 85 per cent of all cases. 
The color of the liver was described as yellow 
to gray in 56 per cent of 220 cases in which color 
was given; in 35 per cent the color was pre- 
dominantly brown to tawny, and in 6 per cent 
the liver had a green color, generally associated 
with jaundice. As pointed out by Mallory [7] a 
yellow color was frequently found in nodules of 
regenerating liver tissue. In cases with tumor, 
the tumor nodules were most often a bright 
yellow to gray color and occasionally they were 
red-brown. Friability of tumor was especially 
noted in tumor that had invaded blood vessels. 
Nodularity of the liver was a prominent feature; 
the nodules were greater than 2 cm. in diameter 
in approximately 21 per cent of 215 cases. Inter- 
mediate sized nodules, ranging from 0.3 to 
2.0 cm. in diameter, were found in 69 per cent 
of cases. In 10 per cent of cases the liver surface 
was described as granular, with nodules aver- 
aging approximately 0.1 to 0.2 cm. in diameter 
but in nearly all these cases there was super- 
imposed fatty infiltration. 

Spleen. Patients with uncomplicated post- 
necrotic cirrhosis had an average splenic weight 
of 358 gm., compared with a similar weight, 
358 gm., in those with added primary hepatic 
carcinoma, and a larger size, 458 gm. in patients 
with added fatty nutritional cirrhosis. 

Patients with varices generally had larger 
spleens than patients without varices, the differ- 
ence in weights averaging approximately 100 
gm. The weight of the spleen in patients with 
very small livers tended to be less than in pa- 
tients with normal or large livers. The clinical 
detection of varices from the finding of a palpa- 
ble spleen was of only limited use despite the 
occurrence of slightly larger spleens in patients 
with varices. 

A satisfactory clinical examination of the 
spleen was recorded in 174 cases; the spleen was 
palpable in thirty-seven patients, of whom 68 per 
cent had esophageal varices at autopsy, while of 
the 137 patients who did not have a palpable 
spleen, varices were found in 53 per cent. Of 
ninety-eight patients with varices 26 per cent 
had a palpable spleen, and of sixty-six patients 
without varices nearly the same _ percentage, 
18 per cent, had a palpable spleen. 

Pancreas. Among 221 patients with post- 
necrotic cirrhosis, healed or active pancreatitis 
was found in 6 per cent of cases, compared with 
an incidence of 3 per cent in 20,399 autopsy 
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cases at this institute, a difference that was not 
statistically significant. 

Jaundice. Jaundice at the time of autopsy 
was slightly less frequent among patients with 
uncomplicated postnecrotic cirrhosis than in 
patients with superimposed fatty nutritional 
cirrhosis or primary hepatic carcinoma. Forty- 
five per cent of patients with uncomplicated 
postnecrotic cirrhosis had jaundice, compared 
with 68 per cent of patients with primary hepatic — 
carcinoma and 77 per cent of patients with fatty 
nutritional cirrhosis. 

Ascites. The frequency with which ascites 
occurred was greater in patients with fatty 
nutritional cirrhosis (88 per cent) and in patients 
with primary hepatic carcinoma (87 per cent) 
than in patients with uncomplicated post- 
necrotic cirrhosis (70 per cent). The quantity of 
ascites was less (average of 1.87 L.) in patients 
with hepatic carcinoma than in patients with 
uncomplicated postnecrotic cirrhosis (average 
of 2.95 L.), and it was greater in patients with 
added fatty nutritional cirrhosis (average 
3.45 L.). There was no significant difference 
in the frequency or quantity of ascites in patients 
with varices as compared to patients without 
varices in each of the three groups. Bloody 
ascites occurred in 2.5 per cent of patients with 
uncomplicated postnecrotic cirrhosis (3.6 per 
cent of such patients with ascites), and in 23 per 
cent of patients with primary hepatic carcinoma 
(26 per cent of such patients with ascites); 
it did not occur in patients with fatty nutritional 
cirrhosis. This finding may be of help in detect- 
ing hepatic carcinoma. Only four patients with- 
out hepatic carcinoma had bloody ascites at 
autopsy and of these three had had paracenteses 
performed during the terminal admission, which 
may have caused intraperitoneal bleeding. 

Esophageal Varices. Warices were found at 
autopsy in 115 of the 221 patients of this study 
(52 per cent). In one-half of these patients the 
varices were intact, the other half had bled dur- 
ing the terminal admission. (Table v1.) The 
patients with varices did not differ significantly 
as to age at death, presence or absence of jaun- 
dice, hepatomegaly, splenomegaly, or presence 
or absence of ascites from patients without 
varices. Melena was noted clinically in 33 per 
cent of patients with intact varices and in 71 per 
cent of those with bleeding varices, or in 52 per 
cent of the 100 patients. This probably indicated 
that many patients with intact varices at autopsy 
had had brief episodes of gastrointestinal bleed- 
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ing prior to death; a source of bleeding other 
than varices, usually peptic ulcer, was found in 
one-third of the patients who had had melena 
with intact varices at autopsy. In the remaining 
two-thirds the only demonstrable source of 
bleeding was esophageal varices. Liver function 


TABLE VI 
ESOPHAGEAL VARICES AT AUTOPSY AMONG 221 PATIENTS 
WITH POSTNECROTIC CIRRHOSIS 


 Bleed- 


Intact | ~. 
Group Varices 
(%) Varices | Varices 
(%) (%) 


26 52 


Total: 221 Patients. .... 
164 Patients with post- 
necrotic cirrhosis only. . 25 24 49 


31 Patients with post- | 
necrotic cirrhosis and | | 
primary hepatic 


26 Patients with post- 

necrotic cirrhosis and 

fatty nutritional | 


tests were not significantly different in patients 
with varices as compared with the values in 
patients without varices. Among patients whose 
varices were intact, 20 per cent had had a 
clinical diagnosis of esophageal varices prior to 
death; of the cases in which the diagnosis was 
made, two-thirds had had hematemesis or 
melena. Only one patient of the fifty-one with 
intact varices had had surgery for varices prior 
to death, in this case eight months before death 
because of hematemesis. An hepatic artery 
ligation had been performed and further bleed- 
ing did not occur; the patient died of acute 
peritonitis, apparently following repeated para- 
centeses for accumulating ascites. Surgical 
procedures for varices had previously been 
undertaken in eleven of the forty-nine patients 
who had bleeding varices at autopsy; in seven 
patients this surgery was performed during the 
terminal admission, and in four cases surgery 
had been performed eight months to four years 
prior to death. Of forty-nine patients who at 
autopsy had bleeding from esophageal varices, 
forty-four had died during their first hospital 
admission for bleeding. 

Cholelithasis. Among 212 patients, gall stones 
were found at autopsy in forty-nine cases (23 
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per cent); there was associated acute inflamma- 
tion or ductal impaction in three instances. 
The frequency of occurrence among patients 
with uncomplicated postnecrotic cirrhosis was 
23 per cent, among patients with primary 
hepatic carcinoma 27 per cent, and among 
patients with fatty nutritional cirrhosis 19 per 
cent. 

Bleeding Tendency. At autopsy, a bleeding 
tendency, evidenced by purpura, hemorrhages 
into serosal and mucosal surfaces of the gastro- 
intestinal organs, epicardium of the heart, the 
lungs, bleeding from the gums, and endometrial 
bleeding, was found in twenty cases (9 per cent). 
In none of these twenty cases was there bloody 
ascites. From this it might be suggested that the 
cause of bloody ascites in patients with primary 
hepatic carcinoma was not a generalized bleed- 
ing tendency but was probably due to mechani- 
cal factors such as rupture of blood vessels 
invaded by tumor. 

Causes of Death as Determined at Autopsy. 
Table vu summarizes the immediate causes of 
death as determined from clinical and autopsy 
review of 215 patients. The most common cause 
of death was infection (29 per cent) and it 
should be noted that “terminal’’ or slight 
bronchopneumonia and minor degrees of infec- 
tion elsewhere were not adjudged to be sufficient 
to include as a cause of death. The next most 
frequent cause of death was bleeding (26 per 
cent), the source of which was esophageal varices 
in nearly all cases. Nine per cent of patients were 
considered to have died of liver failure. 

Among the cases with death due to miscel- 
laneous conditions (14 per cent) the chief find- 
ings were pulmonary infarction or atelectasis, 
immediate postoperative death, acute myo- 
cardial infarction, intracerebral hemorrhage and 
uremia. As had been noted in earlier publica- 
tions [5], patients with primary hepatic car- 
cinoma died of bleeding complications with 
greater frequency than patients with uncom- 
plicated cirrhosis; this group also had less in- 
fection as a cause of death than patients with 
uncomplicated postnecrotic cirrhosis. 

Infectious Diseases. ‘Table vit summarizes the 
occurrence of infectious disease in 220 patients 
with postnecrotic cirrhosis, excluding all cases 
in which a slight degree of bronchopneumonia 
was found at autopsy since this occurs with great 
frequency in moribund patients. As shown, 35 
per cent of the 220 patients had active infectious 
disease at autopsy, and the incidence was not 
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TABLE VII 
PRINCIPAL CAUSES OF DEATH AMONG 215 PATIENTS WITH POSTNECROTIC CIRRHOSIS 
Gastro- 
, Liver | Heart | Miscel- | Not Deter- 
Group er intestinal Failure | Failure | laneous minable 
. (%) (%) (%) (%) (%) 
Total: 215 patients with postnecrotic cirrhosis . . . 29 26 9 7 14 15 
162 Patients with postnecrotic cirrhosis only... . 35 22 8 9 15 11 
29 Patients with postnecrotic cirrhosis and 
7 41 35 3.5 14 31 
24 Patients with postnecrotic cirrhosis and fatty | 


lowered significantly (X*:1.95) in the years fol- 
lowing the introduction and general use of 
antibiotics. The organ most frequently the site of 
infection was the lungs, usually involved by a 
bacterial pneumonia, followed by peritonitis 
and pyelonephritis. Among five patients with 
septicemia, a possible route of infection was 
suggested in two who had undergone laparotomy 
during the terminal admission, and one had 
infected decubitae. In the remaining two pa- 
tients a mode of entry of bacteria was not ap- 
parent. Males outhumbered females among the 
patients with active infection at autopsy, 59 
per cent males, a distribution corresponding 
to the predominance of males in this series. The 
ratio was reversed, however, in patients with 
active pyelonephritis, females outnumbering 
males (65 per cent females). The average age at 
death for the seventy-eight patients with in- 
fectious disease was fifty-seven years, correspond- 
ing to the average age of all patients in this 
study. The only group of patients with a signifi- 
cantly different average age was the group with 
active pyelonephritis, in which it was sixty-six 
years. 

Among the 220 patients, tuberculosis was 
found in nineteen cases (9 per cent). This was 
an active infection in eight cases (4 per cent) 
and inactive in eleven cases (5 per cent). The 
approximate incidence of all forms of tuber- 
culosis in autopsies at this institute is 9.4 per cent 
(18,218 autopsies), so that the incidence in 
patients with postnecrotic cirrhosis was com- 
parable. Among patients with peritonitis, a 
possible source of infection was searched for; 
nine of the twenty-two patients had undergone 
surgery during the terminal admission, an addi- 
tional three patients had had repeated para- 
centeses, and an additional five patients had 
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infections of intra-abdominal organs. These 
were perforated appendix, perforated duodenal 
ulcer, perforated fecalith of the sigmoid colon, 
perforated abscess of the Fallopian tube and a 
perforated gall bladder. In the remaining four 
patients, three had subdiaphragmatic abscess, 
pararenal abscess or chronic pyelonephritis. 
Thus in only one patient did the findings at 
autopsy fail to uncover the source of peritoneal 
infection. A surprising feature was that a diag- 
nosis of intra-abdominal catastrophe was enter- 
tained clinically in only six (27 per cent) of the 
twenty-two patients with peritonitis. 
Microorganisms in Infectrous Diseases. ‘Table 1x 
summarizes the microorganisms recovered from 
forty-five of the seventy-eight cases of infectious 
disease; in three additional] cases there was no 
growth in bacterial cultures. Staphylococcus 
aureus and Escherichia coli were the most com- 
monly recovered organisms, both before and 
during the years when antibiotics were in com- 
mon use. Infection due to Streptococcus 
hemolyticus and Diplococcus pneumoniae al- 
most entirely disappeared during the antibiotic 
years, with the exception of a single case of 
pneumococcal meningitis during the latter 
years. Clostridium welchii was recovered in a 
total of five cases, four of these in patients with 
peritonitis. In two cases it was the sole organism 
recovered; one of these was an instance of 
peritonitis, and the other a case of septicemia in 
which the organism was found in pure culture 
in the heart’s blood, spleen, liver and lungs at 
autopsy. No evidence was found that patients 
with postnecrotic cirrhosis were especially prone 
to infection with gram-negative organisms [80]. 
Gastric and Duodenal Ulcers. Among 216 
patients in whom the entire gastrointestinal 
tract was examined and described, 9 per cent of 
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TABLE VIII 
ACTIVE INFECTIOUS DISEASE FOUND AT AUTOPSY AMONG 220 PATIENTS WITH POSTNECROTIC CIRRHOSIS 


Infectious Disease 


Pulmonary infection. ..... . 
Active tuberculosis (8) 
Lobar pneumonia (4) 
Bronchopneumonia* (5) 
Empyema (3) 

Interstitial pneumonitis (2) 
Septic infarction (1) 
Pulmonary abscess (1) 


Acute pyelonephritis (7) 
Chronic pyelonephritis (7) 
Acute glomerulonephritis (2) 
Chronic glomerulonephritis (2) 


Other infections........ 
Bacterial endocarditis (5) 
Septicemia (5) 

Meningitis (1) 

Prostatitis and cholangitis (1) 

Cellulitis (1) 

Skin pustules (1) 

Otitis media (1) 

Suppurative pancreatitis (1) 

Ischio-rectal abscess (1) 

Erysipelas and mastoiditis (1) 

Pulmonary granulomas, unknown etiology (1) 


Number excluding duplications. . 
Number with postnecrotic cirrhosis. . . 


Per cent with infectious disease. . . 


No. (Excluding 


Total No. Duplicates) 


No. | Duplicated a 


Before 1945 | 1945-1956 


24 | 0 9 15 
| 
| 
| | | 
22 4 8 10 
18 7 10 
19 | 0 | 10 | 9 
84 5 34 44 
78 34 44 
220 220 81 | 139 
42 32 


* Excluding cases of slight or “‘terminal’’ bronchopneumonia found at autopsy. 


patients had gastric or duodenal ulcers; the 
incidence of peptic ulcer in 18,486 autopsies at 
this institute was 5.5 per cent, a difference that 
was not of statistical significance (X*:3.82) 
since the figures for 18,486 autopsies did not 
exclude infant and stillborn autopsies. Among 
thirty-one patients with primary hepatic car- 
cinoma in addition to postnecrotic cirrhosis, 
16 per cent had ulcers, compared with 8 per 
cent of 185 patients with postnecrotic cirrhosis 
not complicated by primary hepatic carcinoma. 


Of the twenty patients with ulcers, sixteen had 
gastric and four duodenal ulcers; ten of the 
twenty ulcers were either bleeding or had per- 
forated. The incidence of gastric and duodenal 
ulcers would therefore appear to be greater in 
patients with primary hepatic tumor but the 
incidence in patients with uncomplicated post- 
necrotic cirrhosis is not significantly greater than 
in the general autopsy population. 

Non-hepatic Neoplasms. ‘Table x summarizes 
the neoplasms, other than those arising in the 
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TABLE IX 
MICROORGANISMS RECOVERED FROM FORTY-FIVE OF A TOTAL OF SEVENTY-EIGHT CASES OF INFECTIOUS 
DISEASE OCCURRING IN PATIENTS WITH POSTNECROTIC CIRRHOSIS 


Septicemia, Meningitis, 
Peritonitis Endocarditis, Otitis 
ection Media 
Microorganisms Totals 
Before Before Before 
1945 1945-56 1945 1945-56 1945 1945-56 
Staphylococcus aureus............... 3 (2)* 2 (1) 1 (1) 3 1 3 13 
Escherichia coli............ - | 1 (1) 3 (2) 5 (5) 1 1 12 
Mycobacterium tuberculosist. 1 0 1 0 0 9 
Diplococcus pneumoniae... __. 5 (1) 0 1 0 0 1 7 
Streptococcus hemolyticus. 2 (1) 0 3 (1) 0 1 0 6 
Clostridium welchii. . . 0 ° 0 2 (1) 2 (2) 0 1 5 
Proteus species........ 0 0 0 4 (4) 0 0 4 
Aesobacter aerogemes............... 0 0 0 3 (3) 0 0 3 
Streptococcus viridans. __ .| O 1 0 0 1 0 2 
Streptococcus faecalis................ 0 : 0 2 (2) 0 0 2 
Pseudomonas aeruginosa. - 0 ae 0 0 0 0 1 
Bacterium mucosus capsulatus . 0 0 0 0 0 1 1 
Hemophilus influenzae....._.. 0 1 (1) 0 0 0 | 0 1 


* Number in parentheses indicates cases in which one or more additional organisms were recovered. 
t Establishment of infection as due to Mycobacterium tuberculosis was usually based upon morphological char- 


acteristics of the infective lesions. 


liver, found among 221 patients with post- 
necrotic cirrhosis. Evidence that there is a 
decreased incidence of metastases to the cir- 
rhotic liver [87} was not found in this series. 
Twenty-seven patients (27 per cent) had non- 
hepatic neoplasms and of these twelve had 
tumors showing some degree of invasion or 
metastasis. Of the twelve patients whose tumors 
showed invasion, six or 50 per cent had involve- 
ment of the liver. This is considered to be equal 
to or greater than the incidence of hepatic 
metastases in patients without cirrhosis at this 
institute. 

Atherosclerosis and Myocardial Infarction. It has 
often been stated that patients with cirrhosis are 
less prone than the general populace to the 
development of atherosclerosis and myocardial 
infarction, although specific information con- 
cerning this relationship is difficult to obtain. 
Of the 221 patients in this study, a statement con- 
cerning atherosclerosis was made or a descrip- 
tion of the aorta and blood vessels given in the 
autopsy protocols in 215 cases. Among these, 
160 patients (73 per cent) were stated to have a 
moderate to severe degree of atherosclerosis, 
usually determined on the basis of placquing of 
the intima of the aorta, or of similar involvement 
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of major arteries. Only six patients had myo- 
cardial infarction: two of these were incidental, 
healed infarctions, and the other four were 
recent infarctions that resulted in death. The 
approximate incidence of myocardial infarction, 
both healed and acute, in autopsies at this 
institute during the years 1933 to 1956 (20,399 


TABLE X 
NON-HEPATIC NEOPLASMS FOUND AT AUTOPSY AMONG 221 
PATIENTS WITH POSTNECROTIC CIRRHOSIS 


No. with 
Metastases 
to Liver 


No. with 
Metastases 


No. of 
Patients 


Neoplasm 


Carcinoma of pancreas......._. 
Carcinoma of esophagus....... 


Carcinoma of kidney....... .... 
Papilloma of bladder....._. 
Carcinoma of tongue........_.. 


er NN NW & 
ON K ONS 
Or ow 


— 
Gastrointestinal carcinoid. | 
Carcinoma of ProOstale 
Carcinoma of lung...... | 
Carcinoma of bowel FC“ 
Carcinoma of 
Meningioma.......... 
Carcinoma of stomach . 
Cystadenoma of ovary.. 
Glioma of brainstem pas 
Total | 
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autopsies) was approximately 10.3 per cent. No 
consistent control data are available for patients 
with atherosclerosis. It would appear that pa- 
tients with postnecrotic cirrhosis have a lower 
incidence of myocardial infarction than the 
general autopsy population, but statements 
concerning a comparison of atherosclerosis 
cannot be made. 

Rheumatic Heart Disease. Rheumatic heart 
disease was found at autopsy in eleven of 221 
patients in this study (5 per cent). The incidence 
of rheumatic heart disease in all autopsy cases at 
this institute (approximately 18,000 autopsies) 
is 3.9 per cent, a comparable figure. 


CASE REPORTS 


Two cases with hepatic carcinoma complicat- 
ing postnecrotic cirrhosis are presented. 


Case 1. This sixty-six year old single unemployed 
white man entered the Boston City Hospital for the 
second time, twenty-four days prior to death, com- 
plaining of epigastric pain of eight weeks’ duration. 
He had been in relatively good health until the onset 
of a dull, constant, generalized abdominal ache, with 
superimposed episodes of sharp epigastric pain. At 
about the same time he had noted a dark colored urine 
on several occasions, but he had not noticed jaundice. 
The patient had been addicted to the use of morphine 
for approximately thirty years but denied use of the 
drug during the past eight years. Six years before the 
present admission he had been hospitalized with pain- 
less jaundice lasting two weeks. At that time he had 
had a negative blood Hinton test, serum total protein 
of 7.1 gm. per cent, prothrombin time 100 per cent 
of normal, a 3-plus formol gel test, and persistent 
i-plus bile in his urine. The diagnosis made at that 
time was viral hepatitis. The patient gave no history 
of other serious illnesses. His nutritional intake had 
usually been poor because of excessive use of alcohol. 

On physical examination he was a thin icteric white 
man complaining of abdominal pain and tenderness in 
the right upper quadrant. His blood pressure was 
120/80 mm. Hg and his temperature was 98.6°F. 
orally, with daily rises to 100°r. The liver edge was 
barely palpable and tender; the spleen could not be 
felt; there was slight prominence of the abdomen, 
with shifting dullness. Laboratory tests showed a 
hematocrit of 37 per cent, hemoglobin of 12.5 gm. per 
cent, a white blood cell count of 5,850 cells per cu. 
mm., with a differential count of 64 per cent poly- 
morphonuclear leukocytes, 33 per cent lymphocytes, 
1 per cent monocytes and 2 per cent eosinophils. The 
urine sediment contained 3 to 4 white blood cells per 
high power field. ‘There was 1-plus bile and protein. 
The blood non-protein nitrogen was 35 mg. per cent, 
the fasting blood sugar was 70 mg. per cent. The stool 
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gave a 2-plus guaiac reaction. The total serum protein 
was 6.6 gm. per cent, prothrombin times were 37 
and 32 per cent of normal. The cephalin flocculation 
test was 3-plus positive. The serum alkaline phospha- 
tase was 8.4 Bodansky units and the icteric index was 
35 units. 

The patient was treated with bed rest, a regular 
diet, and opiates were given for pain. A gastro- 
intestinal x-ray series was negative despite the guaiac- 
positive stools. The abdominal pain increased in 
severity, requiring larger doses of opiates; edema ap- 
peared, ascites increased, and the patient became 
extremely weak and finally moribund. He died quietly 
on his twenty-fourth hospital day. The final clinical 
diagnosis was carcinoma of the head of the pancreas. 
At autopsy a postnecrotic type of cirrhosis was found, 
with a primary hepatic cell carcinoma that had 
metastasized to the lungs, and was growing within the 
portal vein. An acute pancreatitis was also present. 
There was 300 ml. of bloody ascitic fluid; the liver 
weighed 1,880 gm., and was composed of multiple 
yellow-gray nodules of varying sizes, the majority 2 to 
6 cm. in diameter, with soft yellow masses of tumor 
tissue throughout the liver. The spleen weighed 450 
gm. There was marked atherosclerotic calcification of 
the large arteries, especially the abdominal aorta. 
No esophageal varices or peptic ulcers were found. 
Microscopically the liver away from tumor showed 
dense fibrous bands separating irregular nodules of 
liver tissue. 


Case u. This thirty-six year old white married 
male electrician was admitted to the Boston Ciiy 
Hospital for the second time, seventeen days before 
death, in a state of coma. He had begun to eat break- 
fast in bed at home when he lapsed into an unrespon- 
sive state from which he could not be aroused. His 
previous admission to this hospital had been four 
months earlier for what had been diagnosed as 
inoperable, metastatic carcinoma, probably originat- 
ing in the islet cells of the pancreas. During his earlier 
admission he had had persistent epigastric pain and 
an enlarged liver. A biopsy specimen of the liver had 
been reported to show metastatic carcinoma, possibly 
of islet cell origin. Liver function tests at that time 
had shown a bromsulphalein retention of 40 to 56 
per cent, a total serum protein of 6.7 gm. per cent 
with albumin of 3.1 and globulin of 3.6 gm. per cent. 
Alkaline phosphatase values had been 25, 69 and 
31 Bodansky units. Formol gel and cephalin floccula- 
tion tests had been negative; prothrombin times had 
been 100 per cent of normal. Icterus had been present, 
with icteric indices of 25 and 40 units, and the stools 
had been negative for occult blood on five occasions. 
The urine had contained 1-plus bile and urine uro- 
bilinogen in a dilution of one to four. During the 
interval between hospital admissions he had had 
frequent episodes of weakness and lethargy, but no 
relationship to intake of food had been observed. The 
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past history was of interest in that ten years before 
death, while the patient was in the merchant marine, 
he had spent three and a half months in a marine 
hospital with “indigestion.”’ Diagnostic studies had 
not revealed a cause for this and, in large part because 
of the lack of physical and laboratory findings, the 
diagnosis upon discharge had been “neurasthenia”’ 
and “indigestion.”’ The patient denied use of alcohol 
in any quantity both at the present and at all times in 
the past. His nutrition was said to be good except for 
the year prior to death when his appetite had been 
poor, but he nevertheless preferred a diet of “‘pork 
kidneys and vegetables.”” His only other previous 
illnesses or hospital admissions had been at the age of 
ten, when he had undergone an uncomplicated 
tonsillectomy. There was no history of syphilis, paren- 
teral injections or blood transfusions. He had been 
married for two years and had one child. 

On physical examination the patient was in deep 
coma and was perspiring freely. Glucose was ad- 
ministered intravenously and a dramatic response 
was observed as the patient regained consciousness. 
Vital signs included blood pressures of 130/60 and 
130/70 mm. Hg; throughout his hospitalization his 
temperature ranged daily from 98° to 99°F. orally. 
The liver was palpable 15 cm. below the costal margin 
and nodular; the spleen was not palpable. There was 
shifting abdominal dullness consistent with ascites, 
but it did not require paracentesis. Jaundice was 
present, and the stools gave persistent 1- to 4-plus 
guaiac reactions. 

The hematocrit on admission was 31 per cent but 
steadily dropped to 24 per cent, and blood trans- 
fusions were given. During hospitalization these 
totalled eleven. The white blood cell count was 14,000 
cells per cy. mm. with 51 per cent polymorphonuclear 
leukocytes, 15 per cent lymphocytes and 4 per cent 
monocytes. The urine sediment contained 3 to 5 white 
blood cells and rare red blood cells per high power 
field. Four-plus bile was noted on all occasions with 
1- to 2-plus protein, and urobilinogen in dilutions of 
one to four. The bromsulphalein retention was 40 per 
cent, the total serum protein 5.7 gm. per cent with 
3.4 gm. per cent albumin and 2.3 gm. per cent 
globulin. The prothrombin times were 47, 37, 32 and 
30 per cent of normal. Formol gel and cephalin floc- 
culation tests were negative. The serum alkaline 
phosphatase values were 11.2, 25.6 and 31.5 Bodansky 
units. The icteric index was 46 units, rising to 70 units. 
The blood urea nitrogen was 8 mg. per cent. Fasting 
blood sugar values were in the range of 36 to 43 mg. 
per cent during periods of coma, and never rose above 
86 mg. per cent without intravenous glucose therapy. 

The patient was given a high protein, low fat diet, 
blood transfusions, vitamin K and glucose was ad- 
ministered intravenously. Throughout his admission 
he had recurring episodes of stupor with dramatic 
responses to intravenously administered glucose. He 
continued to have persistently guaiac-positive, at 
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times frankly bloody stools; he died with hypotension 
on his seventeenth hospital day. The final clinica! 
impression was islet cell carcinoma with metastases 
and gastrointestinal bleeding of undetermined site. 

At autopsy postnecrotic cirrhosis and primary 
hepatic cell carcinoma (hepatoma) were found, with 
metastases to regional lymph nodes and to both lungs. 
A large chronic duodenal ulcer was present, with 
abundant blood in the gastrointestinal tract. Esophag- 
eal varices were not demonstrated. The liver weighed 
6,100 gm., was green, with large irregular nodules, 
many yellow in color representing areas of tumor. 
Approximately three-fourths of the liver was replaced 
by tumor. There was 1,500 ml. of ascitic fluid; the 
spleen weighed 415 gm. Microscopically the liver in 
areas removed from the tumor showed broad fibrous 
bands separating nodules of regenerating liver tissue. 
The tumor was a characteristic hepatoma. 


An example of postnecrotic cirrhosis com- 
plicated by fatty nutritional cirrhosis is sum- 
marized: 


Case wi. This thirty-nine year old white unem- 
ployed man was admitted to the Boston City Hospital 
for the sixth time, three days before death, with 
complaints of abdominal swelling and increasing 
lethargy. He had left this hospital against medical 
advice only two days earlier, at which time he was be- 
ing treated for cirrhosis and hepatic decompensation. 

At the age of eleven the patient had had an illness 
characterized by jaundice, and since that time he 
claimed to have frequently noted a yellow color to his 
sclerae. Further details of the initial illness were not 
given. He first became known to this hospital only four 
months before death, at which time he was treated for 
cirrhosis and chronic alcoholism. His health since his 
childhood illness had been good, but the patient had 
not worked, and he had consumed beer and whiskey 
daily since about the age of nineteen years. During his 
first admission his liver and spleen were not palpable. 
Ascites was noted. The blood pressure was 145/80 
mm. Hg. His hematocrit was 36 per cent, the white 
blood cell count was 11,500 cells per cu. mm. with 69 
per cent polymorphonuclear leukocytes, 24 per cent 
lymphocytes and 2 per cent monocytes. His blood 
Hinton test was negative. The stools were negative 
for occult blood. The patient was jaundiced, with an 
icteric index of 60 units, and there was 4-plus bile in 
the urine, with no protein and a negative sediment. 
The blood urea nitrogen was 8 mg. per cent, the fast- 
ing blood sugar 97 mg. per cent. The cephalin floc- 
culation test was 4-plus positive. The patient left the 
hospital against medical advice, but he was re- 
admitted in one month with anasarca, having con- 
tinued to drink beer and whiskey to excess. Abdominal 
paracentesis was performed and 13,000 ml. of clear 
fluid was removed. During the following three months 
until death the patient was readmitted on three 
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occasions, each time with ascites, edema and jaundice. 
The liver and spleen were not palpable on any admis- 
sion. The formol gel and cephalin flocculation tests 
were persistently abnormal. The total protein was 7.0 
gm. per cent, with albumin of 1.7 gm. per cent and 
globulin 5.1 gm. per cent. 

The patient had had two admissions to other hos- 
pitals. At the age of eight he had had a tonsillectomy, 
and at the age of twenty-four he had had an ap- 
pendectomy. His only other serious illness had been 
pneumonia five years before death. 

On admission the patient was a jaundiced, poorly 
nourished white man in a state of stupor. His blood 
pressure was 84/44 mm. Hg and his temperature 
ranged between 98.8° and 96°F. orally during hospital- 
ization. His liver and spleen were not palpable. The 
hematocrit was 34 per cent, the white blood cell count 
was 12,700 cells per cu. mm. with 79 per cent poly- 
morphonuclear leukocytes, 19 per cent lymphocytes, 1 
per cent monocytes and 1 per cent basophils. The 
icteric index was 70 units, and the blood non-protein 
nitrogen 136 mg. per cent. The stools were negative 
for occult blood. The patient was given a salt-free diet 
and vitamins. His stupor progressed to coma and he 
died on his third hospital day. The final clinical diag- 
nosis was Laennec’s cirrhosis and hepatic coma. 

At autopsy postnecrotic cirrhosis was found in addi- 
tion to fatty infiltration of the liver and a portal cir- 
rhosis. ‘There was 6,000 ml. of clear ascitic fluid pres- 
ent, with fluid in both thoracic cavities. Atelectasis of 
the left lung was present. On neuropathological 
examination there was an incidental meningioma 
without invasion or distant spread. The liver weighed 
1,350 gm. and was described as “‘hobnailed” and 
“nodular,” the nodules averaging 2 to 3 cm. in diam- 
eter, and of a gray-brown color. In addition, inter- 
vening areas of liver were light brown and finely 
nodular, the nodules approximately 0.2 to 0.6 cm. 
in diameter. The spleen weighed 400 gm. Micro- 
scopically the liver was composed of nodules of liver 
tissue separated by broad fibrous bands. In addition, 
thin fibrous strands bridged adjoining portal areas, 
and many liver cells contained fat. “Alcoholic hya- 
line’ or “Mallory bodies’ were found in many liver 
cells. 


The following case represents a patient with 
an episode of jaundice followed by onset of 
abdominal pain and death in approximately 
three years. 


Case tv. This fifty-nine year old white male 
plumber entered the Boston City Hospital for the 
second time eight months before death, complaining of 
crampy low abdominal pain of several months’ dura- 
tion. Two years before this admission he had been 
treated for syphilis on the basis of a positive serological 
test, and he had received approximately 30 bismuth 
and arsphenamine injections. These had been dis- 
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continued because after approximately three months 
of treatment he had experienced epigastric distress, 
and his liver became palpable although no jaundice 
had been observed. 

His first admission to this hospital had been one and 
a half years bcfore death for an acute alcoholic state. 
At that time the serological test for syphilis had still 
been positive. His liver had been felt 10 cm. below the 
costal margin. The hemoglobin at that time had been 
15 gm. per cent, total serum protein 6.3 gm. per cent 
with albumin of 3.3 gm. per cent and globulin of 
3.0 gm. per cent. The cephalin flocculation test had 
been 3-plus positive, and there had been 24 per cent 
bromsulphalein retention. 

The patient had been a user of alcohol for approxi- 
mately thirty years, stating that he usually took ‘‘2 
whiskeys and 12 ales” per day. His nutrition had been 
generally good except when drinking to excess, at 
which times he ate little but an occasional sandwich. 
During the influenza epidemic of 1918 he had con- 
tracted that disease, at the approximate age of twenty- 
nine years. At about the same age he had undergone 
an uneventful hernia repair. Four years before the 
present admission he had all his teeth removed by a 
dentist. 

On physical examination he was a thin, alert, co- 
operative white man without icterus, with a blood 
pressure of 190/105 mm. Hg, and normal tempera- 
ture. His liver and spleen were not palpable; there 
was no demonstrable ascites. The hematocrit was 
2.7 per cent; the hemoglobin 8 gm. per cent; the red 
blood cell count 4.3 million per cu. mm. The white 
blood cell count was 3,900 cells per cu. mm. The urine 
contained no bile, and the sediment had only an 
occasional red blood cell per high power field. The 
stools were negative for occult blood; the blood non- 
protein nitrogen was 45 mg. per cent; the prothrombin 
time was 100 per cent of normal. The cephalin floc- 
culation test was negative. The total serum protein 
was 6.0 gm. per cent. 

The patient was treated with a high protein diet 
and antibiotics. Because of persistent low abdominal 
pain and a gastrointestinal x-ray series that showed 
filling defects of the stomach, exploratory laparotomy 
was performed. Gastric and large bowel polyps were 
found which were benign on pathological examina- 
tion. Complications of abscess formation in the lower 
abdomen and atonic bowel developed, necessitating 
further surgery. After a protracted hospital stay and 
several operations, the patient failed in strength and 
died what was termed a “respiratory death,” with 
cyanosis and dyspnea. The final clinical diagnoses 
were cirrhosis and pneumonia. 

At autopsy postrecrotic cirrhosis was found, and a 
previously unsuspected bronchogenic carcinoma of 
the right upper lobe of the lung, with abscess forma- 
tion and metastases to hilar lymph nodes. A localized 
peritonitis and abscess in the right lower quadrant 
were also present. The liver weighed 1,670 gm., and 
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was composed of yellow and brown nodules averaging 
0.7 to 1.0 cm. in diameter, with occasional larger 
nodules approximately 1.5 to 2.0 cm. in diameter. 
Intact esophageal varices were found; there was no 
ascites; the spleen weighed 300 gm. The gall bladder 
contained multiple soft black stones averaging less 
than 0.5 cm. in diameter; there was no acute inflam- 
mation or ductal obstruction. The coronary arteries 
were narrowed by atherosclerosis, and the aorta 
contained yellow placques, especially in the ab- 
dominal portion. Microscopically the liver was com- 
posed of irregular nodules of liver cells, separated by 
broad fibrous bands which contained plasma cells 
and mononuclear cells, and abundant bile duct 
proliferation. 


The following case represents a patient with a 
long asymptomatic interval following an episode 
of jaundice, death occurring in a relatively short 
period of time after recurrence of jaundice. 


Case v. This fifty-three year old male railway 
fireman was admitted to the Boston City Hospital for 
the first time eighteen days before death because of 
abdominal swelling and jaundice of two weeks’ dura- 
tion. At the age of eighteen years he had had a severe 
illness with jaundice lasting several weeks. Upon 
recovery he had been relatively well, however, and 
able to carry on physical labor. He had been a moder- 
ate user of beer and whiskey since the age of twenty- 
two years, but he had always been regularly em- 
ployed; his diet was said to be good. He gave no 
history of other illnesses, and there was no mention of 
previous syphilis. 

On physical examination the patient was a poorly 
nourished, icteric white man with a palpable and 
tender liver 6 cm. beneath the right costal margin, 
ascites and a palpable spleen. His blood pressure was 
140/80 mm. Hg, and his temperature ranged between 
97.6° and 98.6°r. orally. Cervical and axillary lymph 
nodes were noted to be palpable. His hemoglobin 
was 80 per cent of normal, the red blood cell count 
was 4.1 million per cu. mm. and the white blood cell 
count was 11,500 cells per cu. mm. The urine con- 
tained 3-plus bile on several occasions, with a trace of 
protein, and the sediment was negative. The icteric 
index was 30 units, rising to 60 units; the blood non- 
protein nitrogen was 32 mg. per cent. Liver function 
tests were not performed. The stools gave a 4-plus 
guaiac reaction on several occasions. The patient was 
treated with sedatives and demerol® for restlessness 
and abdominal pain. A cervical lymph node biopsy 
showed metastatic carcinoma, probably originating 
in the stomach. The patient vomited blood on several 
occasions in the hospital, beginning ten days before 
death, and totalling an estimated liter; he lapsed into 
coma and died on his cighteenth hospital day. The 
final clinical diagnosis was carcinoma of the stomach 
with gastrointestinal bleeding. 
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At autopsy postnecrotic cirrhosis and carcinoma of 
the stomach, metastatic to the liver, regional lymph 
nodes and the adrenals were found. The bleeding 
site was found to be the gastric neoplasm. There was 
also fibrocaseous tuberculosis of the right upper lobe 
of the lung, and bronchopneumonia. The liver weighed 
2,460 gm., and was green, nodular, and contained 
metastases from the gastric tumor. There were 500 ml. 
of clear ascitic fluid, 3,600 ml. having been removed 
shortly before death. The spleen weighed 200 gm.; the 
coronary arteries contained atheromas, and the ab- 
dominal aorta had many calcific intimal placques. 
Esophageal varices were found which were intact. 
Microscopically the liver contained metastatic tumor, 
in addition to postnecrotic cirrhosis. 


The following two cases represent patients 
with a long asymptomatic period following an 
episode of jaundice, and relatively long survival 
after recurrence of jaundice or occurrence of 
abdominal pain or ascites. 


Case vi. This seventy-six year old white man was 
admitted to the Boston City Hospital for the second 
time nine days before death, because of abdominal 
swelling of four months’ duration. His first admission 
to this hospital had been three months prior to death, 
at which time he also complained of ascites and had 
had a paracentesis. He had been discharged as 
unimproved two months before death. The patient 
had formerly been a printer; his only serious illness 
had been syphilis at the age of forty-eight, for which 
he had received a course of injections of arsenicals 
and bismuth, beginning when he was fifty-nine years 
of age. After receiving injections for approximately 
one year jaundice developed and treatment was dis- 
continued. He was in good health until the age of 
seventy-three, approximately three years before death, 
when he had again had two brief episodes of jaundice. 
Since that time he had considered himself to be in 
poor health. He denied use of alcohol at all times dur- 
ing his life; his diet had generally been good until 
three years before death, when he ate poorly and gen- 
erally avoided meat in his diet, preferring vegetables. 
Ascites had occurred for the first time approximately 
four months before death. 

On physical examination the patient was a well 
nourished, elderly white man in no acute distress. 
His blood pressure was 170/90 mm. Hg on admission; 
temperatures ranged between 98.6° and 99°F. orally; 
there was no icterus. His abdomen was protuberant, 
and after 6 L. of clear ascitic fluid were removed, the 
liver was palpable 2 cm. below the costal margin but 
the spleen could not be felt. The hematocrit on admis- 
sion was 39 per cent, the hemoglobin was 13 gm. per 
cent, and the white blood cell count was 4,100 per 
cu. mm. with 49 per cent polymorphonuclear leuko- 
cytes and 51 per cent lymphocytes. The blood Hinton 
test was positive. The urine contained no bile; there 
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was 3-plus albumin; the sediment contained 2 to 5 red 
blood cells per high power field on two occasions. ‘The 
blood non-protein nitrogen was 25 and 32 mg. per 
cent; the total serum protein was 5.1 gm. per cent, 
the prothrombin time 38 per cent of normal, the 
cephalin flocculation test was 4-plus positive. The 
serum alkaline phosphatase was 3.8 Bodansky units. 
Urine urobilinogen was positive in a dilution of 1 to 
16. The stools were negative for occult blood on 
admission. 

The patient was treated with digitalis and a salt- 
free diet, vitamins and two paracenteses. On the 
seventh hospital day he vomited dark brown blood 
and became stuporous. The stools became 3-plus 
positive for blood, and the urine contained many red 
blood cells. He died in coma on his ninth hospital 
day. The final clinical diagnoses were cirrhosis of 
unknown type, and syphilis, probably involving the 
central nervous system. At autopsy postnecrotic cir- 
rhosis, 4 L. of clear ascitic fluid, bronchopneumonia, 
and intact esophageal varices were found. The gastro- 
intestinal tract contained only small amounts of old 
blood, without a definite bleeding site. The liver 
weighed 950 gm., and was coarsely nodular, the 
majority of nodules being greater than 1 cm. in diam- 
eter; it was of a diffusely grey color, firm and fibrous. 
The spleen weighed 280 gm. The heart weighed 250 
gm., with moderate atherosclerotic narrowing of the 
coronary arteries and extensive placquing of the 
intima of the abdominal aorta. Microscopically, 
nodules of liver tissue with uninvolved portal areas 
were separated by broad fibrous bands in which there 
were lymphocytes, macrophages and many small 
bile ducts. 


Case vu. ‘This thirty year old single Albanian 
man entered the Boston City Hospital three days be- 
fore death because of vomiting of blood the previous 
day, and onset of semi-coma the day of admission. The 
patient had had hepatitis in Albania during the second 
World War, approximately fifteen years earlier; at 
that time he had been subsisting on an inadequate 
diet. Following the initial illness he had felt well, 
and had emigrated to the United States approxi- 
mately six years before admission. Four years before 
admission he had been admitted to another hospital 
because of hematemesis. A splenorenal shunting 
operation had been performed. A liver biopsy had 
shown postnecrotic cirrhosis. He had been in rela- 
tively poor health since undergoing surgery, with 
occasional brief episodes of painless jaundice. During 
an admission two years before death the serum 
alkaline phosphatase had been 18 Bodansky units in 
the presence of moderate jaundice; the cephalin 
flocculation test had been 2-plus positive, and the 
serum globulin had been 6.4 gm. per cent. The patient 
did not use alcohol in any amount, and since living in 
this country he had apparently had an adequate diet. 
He had been employed as a waiter and as a clerk. 
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On physical examination he was a well nourished, 
icteric white man in semi-coma. The liver was felt 
4 cm. below the costal margin and it was very hard; 
the spleen was absent. Blood pressure was 146/80 mm. 
Hg; temperature was 103.2°r. orally, rising terminally 
to 106.6°r. The hematocrit was 21 per cent on admis- 
sion, rising to 30 per cent after 1,000 ml. of blood was 
given. The white blood cell count was 13,500 cells per 
cu. mm. with 60 per cent polymorphonuclear leuko- 
cytes, 39 per cent lymphocytes, and 1 per cent mono- 
cytes. The urine contained 2-plus bile, no protein, 
and 2 to 3 red blood cells and 4 to 6 white blood cells 
per high power field. The blood non-protein nitrogen 
was 45 mg. per cent, the serum bilirubin 6.7 mg. per 
cent, the total serum protein 6.0 gm. per cent, the 
cephalin flocculation and formol gel tests were both 
4-plus positive, and the arterial blood ammonia was 
406 wg. per cent. The stool was 4-plus positive for 
occult blood. The patient was treated with transfu- 
sions, antibiotics and vitamins. He became agitated 
and delirious, then lapsed into deep coma and died 
on his third hospital day.. The final clinical diagnoses 
were postnecrotic cirrhosis following viral hepatitis, 
hepatic coma and gastrointestinal bleeding, probably 
from esophageal varices. At autopsy postnecrotic 
cirrhosis, acute cholangitis and pericholangitis, and 
bronchopneumonia were found. The splenorenal 
anastomosis was intact and functioning. Two small 
accessory spleens were present. The liver weighed 
4,500 gm. and was grey and green, with irregular 
nodules ranging from 0.8 to 2.0 cm. in diameter. The 
ileum and large bowel contained small amounts of 
black semiliquid material consistent with altered 
blood. No bleeding point was found, however, and 
esophageal varices could not be demonstrated despite 
a careful examination. Microscopically the liver was 
composed of varying sized nodules of liver tissue 
separated by broad fibrous bands containing lympho- 
cytes, plasma cells and many small bile ducts. 


COMMENTS 


Because of differences in criteria and ter- 
minology, an extensive comparison has not been 
made between the findings in the present series 
of cases and earlier reports of postnecrotic 
cirrhosis. Such a comparison would be confused 
by the fact that in most studies of postnecrotic 
cirrhosis, the number of cases from which con- 
clusions have been drawn has been small, the 
series have been highly selected, and the diag- 
noses have been often based in part on clinical 
and laboratory features as well as upon mor- 
phologic findings. In this laboratory a differ- 
entiation of various types of cirrhosis is based 
almost wholly on morphologic criteria [4]; these 
criteria, as set forth in detail by Mallory [7,9,82], 
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have been more or less constant for five decades. 
This system has been used in the present study 
because it offers a degree of consistency, al- 
though it is recognized that morphologic classi- 
fications are open to criticisms, one of which is 
that different etiologic types of liver damage may 
ultimately result in the same morphologic pic- 
ture. The recent increases in_ postnecrotic 
cirrhosis in autopsies at this hospital [4,5], with 
concomitant increases in hepatic carcinoma, are 
not explained in the present study. It is possible 
that the present large number of cases of post- 
necrotic cirrhosis reflects a high incidence of 
previous viral hepatitis transmitted during anti- 
syphilitic and other parenteral therapy, but this 
cannot be proved from present data. If the high 
incidence of postnecrotic cirrhosis does reflect 
previous hepatitis, then the hepatitis must often 
have been of non-icteric form. Although data to 
support the concept that cirrhosis follows hepati- 
tis is considered to exist in the present study, the 
evidence is largely inferential. 

The clinical course of patients with previous 
jaundice (presumably representing a _ viral 
hepatitis) is of interest in considering the two 
divergent paths that may be taken. If these are 
the courses taken by patients with hepatitis in 
whom postnecrotic cirrhosis develops, then three 
factors make difficult any attempts to follow-up 
patients with hepatitis during life in order to 
observe the development of cirrhosis. The first 
is what must be the rare occurrence of cirrhosis 
after hepatitis, since although viral hepatitis 
is relatively common, a diagnosis of postnecrotic 
cirrhosis is not frequently made. However, the 
number of patients with viral hepatitis who re- 
cover without residual hepatic damage may be 
less than previously supposed. The second fea- 
ture rendering clinical studies difficult is that 
many of the patients in the present study gave 
no past history of jaundice, so that if they had 
viral hepatitis in the past, it must have been of a 
non-icteric form. This presents the difficult 
problem of detecting non-icteric hepatitis. The 
third feature is the long interval, in many cases, 
between an episode of hepatitis and the develop- 
ment of cirrhosis. A large number of symptom- 
free persons with apparent recovery from hepati- 
tis would have to be followed-up for as long as 
fifteen years to detect only a few in whom 
cirrhosis might develop. It is possible that before 
these handicaps to clinical study are overcome, 
viral hepatitis will have been readily produced 
in the laboratory animal, and the role of hepatitis 
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in causing cirrhosis will have been elucidated in 
this way. 

No evidence was found in past clinical histories 
of patients in this study that postnecrotic cir- 
rhosis occurred in patients who had previously 
had a severe, near-fatal hepatic injury. The 
concept that such is the case has been based 
partly on Bergstrand’s observations [83] and 
partly upon speculation. It would appear that 
until better supporting evidence is available, 
this concept should be questioned. The role of 
complicating factors such as alcoholism, poor 
nutrition and severe intercurrent illness occur- 
ring in patients with hepatitis also was not con- 
firmed in the present study, inasmuch as these 
features bore no constant relationship to the 
occurrence of cirrhosis. 

It is somewhat surprising that the patients in 
this study did not have elevated serum globulins, 
as has been reported in many studies of post- 
necrotic cirrhosis. Again, differences in criteria 
for diagnosis, considerable selection of cases, 
and the small number of cases from which con- 
clusions have been drawn in the past are among 
factors that make comparison difficult. For 
example, many of the cases termed postnecrotic 
cirrhosis by Scandinavian workers would proba- 
bly be considered to represent subacute atrophy 
of the liver if examined in this laboratory and, as 
stated earlier, cases of acute and subacute 
hepatic atrophy were not included in the present 
study. 

It is of interest that of forty-nine patients in 
this study who died with bleeding from esophag- 
eal varices, death in forty-four occurred during 
the first admission for hematemesis or melena, 
and only five patients of 100 with varices had 
survived a previous episode of bleeding without 
undergoing surgery. This may be relevant in 
considering the so-called “‘prophylactic”’ surgical 
procedure for eophageal varices, in which a 
shunting procedure is undertaken as soon as 
varices are discovered, before even a first episode 
of hematemesis occurs. From the present limited 
observations such an approach would appear to 
be warranted on a tentative basis in patients 
with postnecrotic cirrhosis, since the mortality 
from bleeding varices is extremely high with the 
first bleeding episode. 

A noteworthy feature is the frequency with 
which primary hepatic carcinoma occurs in 
postnecrotic cirrhosis (14 per cent of cases in the 
present series). One factor of possible importance 
is the marked regenerative activity that takes 
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place in the hepatic cells in postnecrotic cirrhosis, 
and which appears to be greater than the regen- 
erative activity that is usually observed in other 
types of cirrhosis. Further study of this phenome- 
non would appear to be warranted. 

Finally, although statements have been made 
in the past that postnecrotic cirrhosis does not 
represent a true cirrhosis, and terms such as 
postnecrotic scarring rather than cirrhosis have 
been applied to the condition, there is little 
doubt from the present study that the morpho- 
logic entity of postnecrotic cirrhosis has clinical 
features that are only slightly, if at all, different 
from most other types of cirrhosis. 


SUMMARY AND CONCLUSIONS 


1. An analysis is presented of the clinical, 
laboratory and pathological features of 221 cases 
of postnecrotic cirrhosis in which autopsies were 
performed at the Mallory Institute of Pathology 
during the years 1917 to 1956. 

2. Limited and inferential evidence is pre- 
sented that cirrhosis of the postnecrotic type may 
follow hepatitis. No evidence was found, how- 
ever, that a sudden and massive liver insult had 
occurred in such patients. Twenty-four per cent 
of patients in this study had had a previous 
episode of jaundice, and an additional 44 per 
cent had been exposed to greater than usual risk 
from serum hepatitis in the course of receiving 
antisyphilitic and other parenteral injections. 
As a control group, sixty-one patients with 
hemochromatosis and pigment cirrhosis were 


studied and, in this group, the incidence of | 


jaundice was 3 per cent, of syphilis 9 per cent 
and of surgical procedures 34 per cent. 

3. Patients with postnecrotic cirrhosis at 
autopsy who had a history of previous jaundice 
(presumably viral hepatitis) had followed one of 
two clinical courses after the episode of jaundice. 
Two-thirds of patients had been relatively well 
for a period of years (average of fifteen years), 
after which time ascites, jaundice or right upper 
quadrant pain had occurred. From the time of 
appearance of these features the duration of life 
was only two months in two-thirds of the group, 
but it averaged six years for the remaining one- 
third of the group. The second clinical course 
was followed by approximately one-third of 
patients. In this group the interval from jaundice 
to the occurrence of ascites, recurring jaundice 
or right upper quadrant pain was less than a 
year, and the length of survival once these signs 
appeared averaged only seventeen months. 


4. The average duration of continuous illness 
before hospitalization was less than six months 
in more than one-half of the patients in this 
study. Only about one-fifth of the patients had 
been continuously ill for more than two years. 
After admission to the hospital, the average 
duration of life was twenty-two days. 

5. The presenting complaints of patients in 
this study were chiefly ascites and edema (30 
per cent), abdominal pain (17 per cent) and 
hematemesis (14 per cent). Abdominal pain was 
especially frequent among patients with hepatic 
carcinoma. 

6. Such features as age and sex of the patients 
in this study did not differ greatly from other 
patients with cirrhosis or from the general 
autopsy population of this institute. A racial dif- 
ference was noted in that postnecrotic cirrhosis 
was relatively frequent among Chinese, although 
the number of Chinese patients was small. 

7. Approximately one-half of the patients in 
this series had consumed alcoholic beverages to 
excess; the other half drank little or no alcohol. 
An adequate diet was claimed by approximately 
two-thirds of patients. Poor nutrition and alco- 
holism were common in patients who had fatty 
nutritional (alcoholic) cirrhosis in addition to 
postnecrotic cirrhosis. 

8. Laboratory and liver function tests were 
characteristic of patients with cirrhosis but no 
specific alterations for postnecrotic cirrhosis were 
found. 

9. At autopsy, the liver tended to be smaller 
than normal; 76 per cent of livers weighed less 
than 1,500 @m.; the color of the liver was most 
often gray to yellow, and nodules of liver tissue 
tended to be large and irregular, generally 
greater than 2 cm. in diameter, and separated 
by broad fibrous scars; but the occurrence of 
large hepatic nodules was not an invariable 
finding. 

10. The spleen tended to be enlarged at 
autopsy, with average weights between 350 and 
400 gm. A palpable spleen was not of help in 
determining the presence or absence of hepatic 
carcinoma or of esophageal varices. 

11. Bloody ascites was found in 23 per cent of 
patients with hepatic carcinoma compared with 
a frequency of only 2.5 per cent of patients with 
uncomplicated postnecrotic cirrhosis. 

12. Esophageal varices were found at autopsy 
in 52 per cent of patients: of these, one-half 
showed evidence of active, recent bleeding. Of 
forty-nine patients who died with bleeding from 
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varices, forty-four died during their first hospital 
admission for bleeding. 

13. The principal causes of death among 
patients in this study were infection (29 per cent) 
and gastrointestinal bleeding (26 per cent), 
the latter usually from esophageal varices. A 
slight or “‘terminal’’ bronchopneumonia was not 
included among cases with infection. 

14. A total of 35 per cent of patients had in- 
fectious disease at autopsy, and these were 
chiefly pneumonia, peritonitis and pyelonephri- 
tis. Gram-negative organisms were not especially 
prevalent as etiologic agents. The frequency of 
infection in the years following the introduction 
of antibiotic therapy was not significantly lower 
(32 per cent) than in the years before the intro- 
duction of antibiotic therapy (42 per cent). 

15. Gastric and duodenal ulcers were found 
in 9 per cent of patients with postnecrotic cir- 
rhosis, compared with an incidence of 5.5 per 
cent in all autopsies at this institute, a difference 
that is not statistically significant. However, 16 
per cent of patients with concurrent hepatic 
carcinoma had peptic ulcer. 

16. Non-hepatic neoplasms were found in 12 
per cent of patients; metastases to the liver in 
patients with postnecrostic cirrhosis appeared to 
be of the same order of frequency as in patients 
without cirrhosis. 

17. Attention is called to the frequency with 
which primary hepatic carcinoma occurs in 
postnecrotic cirrhosis (14 per cent of cases). 
Relatively few diagnostic features clinically 
distinguish patients with postnecrotic cirrhosis 
and hepatic carcinoma from patients with un- 
complicated postnecrotic cirrhosis. In this series, 
features of only limited value because of their 
late occurrence included abdominal pain (chiefly 
in the right upper quadrant), bloody ascites, 
marked cachexia, and a slightly elevated serum 
alkaline phosphatase. 

18. Some controversy has existed in the past 
as to whether or not the morphologic picture of 
postnecrotic cirrhosis represents a clinical dis- 
ease. From the present study there is little doubt 
that postnecrotic cirrhosis is both clinically and 
anatomically a true cirrhosis. 
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Circulatory Changes in Chronic 
Liver Disease’ 


Joun F. Murray, m.p.,¢ A. M. Dawson, M.B. and SHEILA SHERLOCK, M.D. 
London, England 


ciated with chronic disease of the liver | 7}. 
Evidence of increased peripheral flow is shown 
by warm, flushed extremities, bounding pulses 
and capillary pulsations, and an increased car- 
diac output by tachycardia, an active precordial 
impulse and frequently an ejection systolic 
murmur. There are few laboratory observations 
in support of these clinical features. Kowalski 
and Abelmann noted an elevated resting cardiac 
index in approximately one-third of patients 
with Laennec’s cirrhosis and chronic alcoholism; 
these patients also had a low peripheral vascular 
resistance and a calculated decrease in arterio- 
venous oxygen difference [2]. An increased 
peripheral flow was demonstrated in a small 
number of patients with liver disease [3] and 
confirmed in a larger series of cirrhotic patients 
by Martini and Hageman [4]. 

Another abnormal circulatory finding in 
chronic liver disease is arterial unsaturation, 
possibly due to a shift in the oxygen dissociation 
curve [5] or to shunting of systemic venous 
blood through pulmonary arteriovenous anasto- 
moses [6]. Also, an increased plasma volume or 
total blood volume has been reported and cor- 
related with the portal-systemic collateral 
circulation [7,8], arterial desaturation [8| and a 
“hypervolemic”’ anemia (9). 

The following report describes the circulatory 
changes in twenty-four patients with chronic 
portal cirrhosis and six patients with chronic 
biliary cirrhosis. In addition, six patients with 
extrahepatic portal vein obstruction were in- 
vestigated to determine the circulatory effects 
of a portal-systemic circulation with a normally 
functioning liver. These three groups were com- 
pared with fourteen control subjects. 


A HYPERKINETIC Circulatory state may be asso- 


MATERIALS AND METHODS 


Selection of Patients. All twenty-four patients 
with portal cirrhosis had histological proof of the 
diagnosis. The disease followed infectious hepa- 
titis in five cases and was associated with chronic 
alcoholism in three subjects. One subject had 
hemochromatosis, one patient had Wilson’s 


. disease. No definite etiology could be found in 


fourteen patients. Seven patients had had a 
surgical portacaval anastomosis at least six 
months prior to study. 

There were four cases of primary biliary cir- 
rhosis, one patient with common duct stricture 
and one patient with chlorpromazine jaundice 
of eighteen months’ duration. These patients 
were all icteric. 

Six patients with extra-hepatic portal vein 
obstruction had surgical or portal venographic 
(70\ evidence of portal vein obstruction with an 
extensive collateral circulation, normal liver 
function and a histologically normal liver. One 
patient had had a portacaval anastomosis. 

Twenty-seven of the thirty-six patients studied 
had venographic, surgical or autopsy estimation 
of the presence and magnitude of a portal-sys- 
temic venous collateral circulation. In nine pa- 
tients, assessment was made on clinical grounds 
and by radiological examination of the esopha- 
gus. The portal-systemic collateral circulation 
was graded zero (absent), one plus (moderate) 
or two plus (extensive). 

The fourteen control subjects were ward 
patients or laboratory staff. 

Procedures. All studies were made on resting, 
fasting subjects. Cardiac output was determined 
by the dye dilution method and calculated from 
the Hamilton formula [77]. The technic used to 


* From the Department of Medicine, Postgraduate Medical School, London, England. The expenses of this work were 
defrayed, in part, by the Medical Research Council (Great Britain). 
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measure cardiac output with Evans blue dye 
and an ear oximeter has been reported in detail 
from this laboratory |/2|. In twelve patients dye 
was injected into the right atrium or pulmonary 
artery at the time of cardiac or hepatic vein 
catheterization; all other patients had intra- 
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Fic. 1. The range of cardiac indices in normal adult sub- 
jects and in patients with portal cirrhosis and biliary 
cirrhosis. Normal = 3.68 + 0.6 L./minute/Sq. M. 
Hollow circles represent patients with portacaval 
anastomosis. 


venous injections. Surface area estimation used 
in calculating cardiac index was obtained from 
the Du Bois formula using the patient's height 
and weight when free of ascites and edema. 

Plasma volume was determined from the 
Evans blue dye concentration obtained by a 
modified extraction method [73] in a blood sam- 
ple drawn ten minutes after the dye injection 
[74]. Peripheral venous or arterial hematocrits 
used in the calculation of total blood volume 
and cardiac output were corrected for trapped 
plasma and total body hematocrit as described 
by Mollison [75]. 

Phasic arterial pressure was measured with an 
indwelling arterial needle and a Statham strain 
gauge (P-23A); the mean pressure was deter- 
mined by planimetry. Peripheral vascular 
resistance was determined by the formula: 
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mean arterial pressure (mm. Hg) X 1,332 
cardiac output (ml./second) 


Arterial oxygen saturation was determined by a 
modified Haldane [76] method and the per cent 
saturation calculated. 


[LIVER DISEASE 
= 
Z 90- 
2 © 
_j 80- 
ge 
= 60. ° 
~ . 
Se 2 
MEAN | 3.78 | 490] 540 | 6.31 3.68 
S.D. 0.63 | 2.06 | 226 | 1.70 0.83 


@ SERUM ALBUMIN >3.0 GMS. % 
© SERUM ALBUMIN 3.0GMS. % ORLESS 


Fic. 2. The range of cardiac indices in patients with liver 
disease and extrahepatic obstruction (E.H.O.). The por- 
tal-systemic collateral circulation is graded zero (absent), 
one plus (moderate), two plus (marked) and P.C.A. 
(surgical portacaval anastomosis). 


RESULTS 


Cardiac Output. The mean cardiac index of 
the control group was 3.68 + 0.60 L./minute/ 
sq. M. This value closely approximates the 
means of several normal series obtained by the 
Fick and dye methods [2]. In portal cirrhosis, the 
mean cardiac index was 5.36 + 1.98 L./minute / 
sq. M. The range was wide but approximately 
one-half the results were above the upper 
limit of normal. (Fig. 1.) There was a significant 
difference (p < 0.01) between the cardiac 
indices of the normal subjects and the group with 
portal cirrhosis. In contrast, in biliary cirrhosis 
the mean cardiac index of 3.97 + 0.75 L./min- 
ute/sq. M. did not differ significantly from the 
normal group (0.4 < p < 0.5). 
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G. |. 


2. 


Fic. 3. Phonocardiogram from a patient with high cardiac output and portal cirrhosis. A, low fre- 
quency record; B, high frequency record; E.C.G., (electrocardiogram) lead n—showing: 1, first 
heart sound; 2, second heart sound; M, ejection type systolic murmur; and G, presystolic gallop. 


A partial correlation [77] of cardiac index, 
hematocrit and serum albumin was made. This 
showed no significant correlation between 
cardiac index and hematocrit after correcting 
for the effect of serum albumin alterations 
(r = —0.27); only three patients had hemato- 
crits less than 30 per cent. A better correlation 
was found between cardiac output and serum 
albumin after correcting for hematocrit changes 
(L = —0.36); this is not statistically significant 
(0.1 < p < 0.2) but may indicate a trend. 

In the patients with liver disease, a statistically 
significant (p < 0.05) correlation was found 
between the cardiac index and the presence 
and magnitude of a portal-systemic collateral 
circulation. (Fig. 2.) However, the cardiac out- 
put of six patients with extrahepatic portal vein 
obstruction and an extensive portal-systemic 
vascular bed did not differ from the controls. 
Although all patients with portal cirrhosis and 
an elevated cardiac output had an increased 
portal systemic collateral circulation or a porta- 
caval anastomosis, a similar collateral network 
without liver disease was not associated with a 
raised cardiac output. 

In general, patients with portal cirrhosis and 
a high cardiac output had ejection systolic mur- 
murs, often associated with a diastolic gallop 
(Fig. 3), wide pulse pressure, low mean arterial 
pressure and low peripheral vascular resistance. 
(Table 1.) Clubbing was noted in seven patients 
with portal cirrhosis and all but one had a 
cardiac index greater than the upper limit of 
normal (4.87 L./minute/sq. M.). On the other 


hand, clubbing was found in four of six patients 
with biliary cirrhosis, all with a normal cardiac 
output. 

In all patients with liver disease the cardiac 
index was significantly greater in patients with 
angiomas compared to patients without nevi 
(p < 0.05). (Fig. 4.) No significant difference 
was noted when only the patients with portal 
cirrhosis with and without angiomas were com- 
pared (0.3 < p < 0.4); however only four pa- 
tients with portal cirrhosis were free of angiomas. 
There was no difference in the cardiac indices 
between patients with one to five angiomas (one 
plus) and subjects with six or more spider nevi 
(two plus); many of the “‘two plus” patients had 
florid large pulsating angiomas. A similar lack of 
correlation was found between liver palms and 
cardiac output. 

In spite of the frequently abnormal circulatory 
state in patients with portal cirrhosis, only two 
patients had cardiac enlargement by roent- 
genography (Cases 17 and 38). Electrocardio- 
grams revealed a left ventricular hypertrophy 
pattern in two patients (Cases 29 and 44), right 
ventricular enlargement in one instance (Case 
17) and an old myocardial infarction in the 
oldest patient of the group (Case 28). 

Blood Volume. The mean blood volume in 
patients with portal cirrhosis was significantly 
elevated compared to the control subjects (0.01 
< p < 0.05). Most of the increase was in the 
plasma volume fraction with slight change 
in the red cell mass. (Table mu.) In contrast, the 
blood volume of the patients with chronic biliary 
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cirrhosis and extrahepatic portal vein obstruc- 
tion did not significantly differ from the normal 
group. (Fig. 5.) 

In general, elevated blood volumes were found 
in portal cirrhosis patients having: (1) an ele- 
vated cardiac output, (2) an extensive portal 
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Fic. 4. Correlation of cardiac index and spider 
angiomas in all patients with liver disease; no 
spider angioma (zero), one to five angiomas (one 
plus) and six or more angiomas (two plus). 


collateral circulation, (3) arterial desaturation, 
and (4) decreased serum albumin levels. Pa- 
tients with an elevated cardiac index had a 
significantly increased blood volume when com- 
pared to the normal group (p < 0.01), but 
this was only of borderline significance (0.05 < 
p < 0.1) when compared to the remaining 
patients with portal cirrhosis and a normal 
output. 

Patients with liver disease and a demonstrable 
portal-systemic collateral circulation (Fig. 6) had 
a significantly greater blood volume (0.02 < 
p < 0.05) than patients with liver disease without 
a portal-systemic shunt. The presence of the col- 
lateral network itself is not responsible for the 
increased blood volume because the patients 
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with extrahepatic portal vein obstruction had 
blood volumes mainly within the normal range. 
This observation does not support the view that 
the increased volume of the venous collateral bed 
is largely responsible for the elevated total blood 
volume found in patients with Laennec’s cir- 
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Fic. 5. The range of blood volume in normal adult sub- 
jects and in patients with portal cirrhosis and biliary 
cirrhosis. Normal = 2.72 + 0.25 L./Sq. M. Hollow 
circles represent patients with portacaval anastomosis. 


rhosis [7,/8|. Portacaval anastomosis decreased 
the collateral network yet the blood volume is 
increased; this is further evidence against an 
increased volume of the splanchnic venous sys- 
tem being the main cause of the elevated total 
blood volume. 

There was no statistical difference between 
the blood volume of portal cirrhotic patients 
with and without fluid retention (0.3 < p < 
0.5). A similar lack of correlation between blood 
volume and ascites or edema in cirrhosis has 
been noted by Eisenberg [8] and Hiller, Huffman 
and Levey [78]. 

Low serum albumin levels are generally found 
in patients with high blood volumes (Fig. 6): 
this may represent, in part, dilution of a normal 
amount of circulating albumin. A similar dilu- 
tion mechanism accounted for approximately 
50 per cent of the low serum albumin levels in 
patients with cirrhosis studied by Hiller et 
al. [78]. 

Arterial Oxygen Saturation. Four of the twenty- 
four patients with portal cirrhosis had an arterial 


AMERICAN JOURNAL OF MEDICINE 


Circulatory Changes in Chronic Liver Disease—Murray et al. 


oxygen saturation below the lower limit of nor- 
mal (94 per cent saturated) and in the three pa- 
tients studied further, the arterial blood did not 
become fully saturated after breathing 100 per 
cent oxygen for fifteen minutes. (Table m.) This 
favors a systemic venous to arterial shunt [79]. 


TABLE 
THE BLOOD VOLUME IN PATIENTS WITH LIVER DISEASE 
AND EXTRAHEPATIC PORTAL OBSTRUCTION (E.H.O.) 


Portal Biliary 
Normal Cirrhosis | Cirrhosi F.H.O. 

Total Blood Volume L. ia M? 

3.13 2.93 2.89 

No. of patients....._.. ) 14 24 6 6 
Plasma Volume — 

Mean. Ce 1.69 2.08 2.00 1.83 

Standard Deviation . 0 49 0 08 5 
Red Cell Mass L. 

Mean. ico 1.05 0.93 1.06 

Standard Deviation... 0.26 0.16 0.17 

TABLE 


THE HEMATOCRIT AND RED CELL MASS OF THREE PATIENTS 
WITH HEPATIC CIRRHOSIS AND ARTERIAL OXYGEN 


DESATURATION 
Arterial Oxygen 
Saturation (%) Hema- a 
Patients Mass 
(%) /M? 
Resting | After Oxygen 
11 93.2 96.6 42.7 | 1.41 
17 | 84.7 94.2 51.0 1.84 
49 92.4 | 96.9 49.8 1.24 
Normal | 97.0 100.0 45.0 1.03 


° Saline manometer. 


Evans blue dye curves performed during cathe- 
terization [20] in two patients showed no 
evidence of an intracardiac right to left shunt. 
It seems likely that these patients had a pul- 
monary arteriovenous shunt. Wilson and co- 
workers [27] calculated small pulmonary arterio- 
venous shunts of unknown variety in patients 
with cirrhosis. Rydell and Hoffbauer have de- 
scribed a patient with cirrhosis and multiple 
pulmonary arteriovenous fistulas [6]. We have 
studied a similar patient reported in detail in 
the next section. 

The red cell mass was increased in three of the 
four patients with arterial desaturation. Two of 
four patients with low arterial oxygen saturation 
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and portal cirrhosis had clubbing of the fingers. 
The frequent association of digital clubbing with 
biliary cirrhosis was not related to peripheral 
arterial desaturation although many of the pa- 
tients appeared cyanotic. 
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Fic. 6. The range of blood volumes in patients with 
liver disease and extrahepatic obstruction (E.H.O.). 
The portal-systemic collateral circulation is graded as in 
Figure 2. 

CASE REPORTS 


Two cases are reported as extreme examples 
of heart disease associated with portal cirrhosis. 


Case 1. Portal cirrhosis with hyperkinetic circulation 
and congestive heart failure: This fifty-one year old white 
man had been a chronic alcoholic for many years. 
Congestive cardiac failure had been present for eight 
months and had progressed in spite of dietary therapy 
and intramuscular administration of thiamin. 

He was admitted to Hammersmith Hospital mark- 
edly orthopneic and in frank congestive failure. He 
was mildly icteric without cyanosis or clubbing. The 
hands were warm and moist and the peripheral 
pulses were full and bounding, with a blood pressure 
170/80 mm. Hg and pulse rate of 120 per minute. He 
had a single angioma on his lip. The jugular veins 
showed a prominent A wave and were distended to 
the mandible with the patient sitting upright. An 
active apex impulse was felt 1 to 2 cm. to the left of 
the mid-clavicular line in the 5th intercostal space. 
A loud blowing systolic murmur was heard in the 
tricuspid and pulmonary areas; in addition there was 
a loud protodiastolic gallop. Massive ascites and 
lower extremity and sacral edema were present. 
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Urinalysis showed only a trace of protein. Investiga- 
tions showed hemoglobin 9.3 gm. per cent, hemato- 
crit 28.0 per cent, leukocytes 19,000 per cu. mm., 
serum albumin 2.5 gm. per cent, serum globulin 
3.5 gm. per cent and serum bilirubin 2.3 mg. per 
cent. The electrocardiogram was normal and the 


TABLE IV 
THE BLOOD VOLUME AND CARDIAC OUTPUT OF PATIENT 
BEFORE AND AFTER TREATMENT 


Cardiac | Peripheral | Blood 
Output | Resistance | | Volume 
Date P | Pressure , | Pressure 
(L./ (Dynes (L./ | 
min.) sec. cm.~5) | | M.?) 
| Hg) | | Hg) 
March 7,1956.| 15.0 | 610 | 115 | 4.14 | 32/—1 


* Saline manometer. 


roentgenogram of the chest revealed question- 
able cardiac enlargement and marked pulmonary 
congestion. 

Five days later limited cardiac catheterization 
showed the right atrial pressure to be 32/—1 mm. 
Hg (mean 14 mm. Hg), the cardiac output 15.0 L. 
minute, the mean arterial pressure 115 mm. Hg, 
and the calculated peripheral resistance 610 dynes 
second cm. °. Digitalis, mercurials and a low salt 
diet were administered with marked improvement 
and a 9 pound weight loss due to diuresis. Subse- 
quent study when the patient had improved clinically 
revealed a considerable fall in cardiac output and 
blood volume, an increase in peripheral resistance 
and a fall in the central venous pressure. (Table rv.) 

The congestive failure improved over the next six 
weeks although he continued to show evidence of a 
hyperdynamic circulation. However, his liver func- 
tion suddenly failed and he died following a gastro- 
intestinal hemorrhage. 

Postmortem examination confirmed the presence of 
chronic portal cirrhosis and esophageal varices. The 
heart weighed 425 gm. There was slight dilatation and 
moderate increase in thickness of the left ventricular 
wall (19 mm.). All valves were normal and the coro- 
nary arteries and aorta showed minimal atherosclero- 
sis. Histologically the myocardial fibers were slightly 
increased in size but showed no other abnormality; no 
fibrosis or infiltration was seen. 

This patient was the only one seen with congestive 
heart failure. No cause for heart failure could be 
adduced other than the high output state associated 
with chronic liver disease. 


Case 17. Portal cirrhosis and multiple pulmonary 
arteriovenous fistulas: This twenty-five year old white 
man had prolonged fever and jaundice (infectious 
hepatitis) at the age of four. He was well and active 
until fourteen years of age when he noted gradual 


onset of weakness and exertional dyspnea. Since the 
age of sixteen, multiple episodes of hematemesis 
or melena had occurred, requiring transfusions on two 
occasions, and at the age of sixteen he underwent 
splenectomy for splenomegaly with anemia and 
thrombocytopenic purpura. At operation the liver 
was nodular, and biopsy showed portal cirrhosis. For 
the past year exercise tolerance had become increas- 
ingly limited and he has been unable to work. He has 
had no nocturnal dyspnea, orthopnea, chest pain or 
ankle swelling. 

Physical examination showed a young man with 
slightly clubbed fingers, cyanotic mucous membranes 
and nail beds, and a few spider angiomas. Blood pres- 
sure (120/70 mm. Hg) and venous pressure were 
normal. The thorax was enlarged in the A-P diameter. 
The heart appeared slightly enlarged. The second 
heart sound in the pulmonary area was slightly split 
and accentuated. No murmurs or abnormal sounds 
were heard over the heart or lungs. The liver was not 
palpable. The peripheral pulses were full and bound- 
ing and the extremities were warm. 

Laboratory studies revealed the following: hemato- 
crit 51 per cent, hemoglobin 14.2 gm. per cent, serum 
albumin 3.3 gm. per cent and globulin 3.6 gm. per 
cent. The electrocardiogram showed right ventricular 
hypertrophy and roentgenograms of the chest re- 
vealed normal lung fields, right ventricular enlarge- 
ment and dilatation of the main pulmonary artery. No 
esophageal varices were found on barium swallow. 

On cardiac catheterization, the femoral arterial! 
oxygen saturation was 84.1 per cent rising to 94.2 per 
cent after breathing 100 per cent oxygen. The cardiac 
index was 4.93 L./minute/sq. M. Analysis of oxygen 
content of samples obtained from the vena cavae, 
right atrium, right ventricle and pulmonary artery 
showed no evidence of a left to right shunt. Evans 
blue dye studies from the pulmonary artery, right 
atrium and superior vena cava gave no indication of 
an intracardiac right to left shunt. The main pul- 
monary artery pressure was 44, 26 (mean 34) mm. Hg. 
The calculated total pulmonary vascular resistance 
was 655 dynes second cm.~°. Subsequent angio- 
cardiography failed to show an intracardiac shunt or 
to localize a pulmonary arteriovenous anastomosis. 
Pulmonary function studies were normal. The plasma 
volume was 3,958 ml. and the total blood volume 
7,196 ml. | 

This young man with posthepatitis cirrhosis suf- 
fered from multiple small gastrointestinal hemorrhages 
and more recently from an increasingly limited 
exercise capacity. Cardiac catheterization and pul- 
monary function data strongly suggested that the 
arterial desaturation was due to a right to left shunt at 
the pulmonary arterial level, probably from multiple 
pulmonary arteriovenous anastomoses. The cause of 
his modest pulmonary hypertension and increased 
pulmonary vascular resistance remains unknown, 


Right ventricular hypertrophy was also noted in a 
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similar patient described by Rydell and Hoffbauer 
(6}. 


COMMENTS 


The patients studied are not representative of 
all cases of portal cirrhosis. Patients were de- 
liberately selected with hyperkinetic circulatory 
states, extensive collateral circulation, clubbing 
or cyanosis. The results obtained cannot be 
applied to liver disease as a whole and the fre- 
quency of circulatory changes is unknown. How- 
ever, certain conclusions can be drawn. 

The presence of a high cardiac output in 
chronic portal cirrhosis has been confirmed. 
Previous reports have dealt with cirrhosis in 
alcoholic patients [2,22}; we have observed in 
cirrhosis of other etiologies a hyperkinetic cir- 
culation that could not be related to anemia or 
nutritional deficiencies. 

It is difficult to separate the features involved 
in the production of a hyperdynamic circulation. 
The mild liver damage and jaundice of biliary 
cirrhosis without demonstrable portal collateral 
circulation, and extrahepatic portal vein ob- 
struction with normal liver function did not 
lead to a hyperkinetic state. A high cardiac 
output has been noted in a patient with subacute 
hepatitis and liver failure who showed no portal 
collateral circulation at autopsy [23]. We have 
observed a similar patient with fulminating 
hepatitis who, without a change of blood pH, 
had a cardiac output of 15.0 L./minute with a 
normal blood volume and markedly lowered 
peripheral resistance. These findings suggest that 
some degree of liver failure is the essential factor 
but extrahepatic portal-systemic shunting of 
blood can be contributory. Further studies 
before and after portacaval anastomosis are 
indicated to clarify this point. 

The elevated cardiac output with an increased 
total blood volume (mainly a raised plasma 
volume with a normal red cell mass) found in 
portal cirrhosis closely resembles that found with 
a systemic arteriovenous fistula [24,26], or the 
generalized vasodilatation of acute beriberi 
(27,28). The opening up of a large number of 
normally present but functionally inactive 
arteriovenous anastomoses by a_ vasodilator 
substance is theoretically equivalent to the effects 
of a single arteriovenous fistula. Shorr has 
demonstrated the production of a vasodilator 
material by the diseased liver [29]. The failure of 
the diseased liver to metabolize a vasodilator 
substance produced elsewhere in the body or 
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absorbed from the gut is an alternative explana- 
tion to Shorr’s hypothesis. 

The association of increased cardiac output 
and a portal-systemic collateral circulation may 
represent merely two independent aspects of 
a progressive, chronic disease; or they may be 
more causally related, due to the shunting away 
from the liver of some vasodilator substance 
normally metabolized by the parenchymal cells. 
An analogous situation accounts in part for the 
decreased ammonium tolerance found in chronic 
liver disease {30}. 

Plethysmography [3] and calorimetric meas- 
urements [4] show an increased peripheral 
blood flow in chronic liver disease. Increased 
peripheral venous oxygen saturation in cir- 
rhosis and hepatitis has also been presented as 
evidence of shunting of blood through arterio- 
venous anastomoses [37]. Whether or not the 
total increase in cardiac output is distributed to 
the periphery is unknown. If a vasodilator sub- 
stance is present it might act generally and the 
increased flow be more apparent in the upper 
extremities due to the greater number of arterio- 
venous anastomoses in hands and forearms. A 
slight increase in splanchnic flow might th@refore 
be expected. Although the hepatic blood flow 
is decreased in chronic liver disease [32] the 
volume and flow through the total splanchnic 
bed, including collaterals, remains unknown. A 
generalized vasodilation would accommodate 
the increased blood volume in the portal cir- 
rhotic group. Neither of these is found in the 
patients with extrahepatic obstruction and, since 
a similar degree of collateral circulation is 
common to both groups, an additional factor is 
needed to explain the increased blood volume of 
the former group. 

Multiple pulmonary arteriovenous fistulas 
associated with portal cirrhosis have been clearly 
demonstrated by Rydell and Hoffbauer [6] and 
our Case 17 is probably similar. The presence 
of pulmonary arteriovenous shunts adequately 
explains the initial arterial oxygen desaturation 
and failure to reach 100 per cent saturation fol- 
lowing inhalation of 100 per cent oxygen in two 
other patients in this series. This phenomenon 
may also result from a vasodilator material 
acting particularly upon preformed pulmonary 
arteriovenous anastomoses. 

In general, patients with an elevated cardiac 
output due to portal cirrhosis have a normal 
response to exercise [22] and tolerate the added 
circulatory burden without decompensation. 
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No reports were found in the literature similar 
to our Case 1 who had heart failure due to liver 
disease without associated thiamin deficiency. It 
is probable that most patients die of liver failure 
before congestive heart failure has had time to 
develop. It is known that a small to moderate 
sized systemic arteriovenous fistula may be 
present for many years before causing signs of 
congestive heart failure. 

No specific therapy is indicated for patients 
with a hyperdynamic circulation unless decom- 
pensation is present. Observations in nine cases 
have shown that as liver function improves in 
the hospital the cardiac output returns toward 
normal»Therapy should be directed to improv- 
ing the underlying liver disease. 


SUMMARY 


The circulatory findings in twenty-four pa- 
tients with portal cirrhosis were compared with 
results in six patients with biliary cirrhosis, six 
patients with extrahepatic portal vein obstruc- 
tion and fourteen normal subjects. 

Half the patients with portal cirrhosis had a 
cardiac index above the upper limit of normal. 
Clinically, these patients had evidence of in- 
creased peripheral blood flow and _ ejection 
systolic murmurs. Roentgenographic or electro- 
cardiographic changes were uncommon. Patients 
with biliary cirrhosis and portal vein obstruction 
had normal cardiac indices. 

An increased total blood volume, mainly 
plasma volume, was found in patients with 
portal cirrhosis who had an increased cardiac 
index, a large portal-systemic collateral cir- 
culation, arterial oxygen desaturation and low 
serum albumin levels. The increased portal 
venous network did not account for the in- 
creased blood volume in portal cirrhosis as 
patients with extrahepatic portal vein obstruc- 
tion had virtually normal blood volumes. The 
low serum albumin levels may in part represent 
the dilution of a normal amount of circulating 
albumin by an increased plasma volume. 

Four patients had low arterial oxygen satura- 
tion. Cardiac catheterization data in one patient 
and studies in two others suggest that the arterial 
desaturation may be due to the shunting of 
blood through pulmonary arteriovenous anasto- 
moses. One of these cases is presented in detail. 

In most patients with portal cirrhosis the 
increased cardiac output was tolerated without 
evidence of decomposition. Congestive heart 
failure was present in one patient reported in 
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detail. As liver function and the clinical status 
of patients with portal cirrhosis improved, the 
cardiac output returned toward normal. 

The mechanism of production of the hyper- 
dynamic circulatory state in portal cirrhosis is 
unknown. There is profound vasodilatation and 
the mechanism of this is discussed. 
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The Problem of Increasing Azotemia During 
Management of Diabetic Acidosis’ 


RoBERT W. TREVER, M.D. and LEIGHTON E. CLUFF, M.D. 
Baltimore, Maryland 


N the patient with uncomplicated diabetic 
| acidosis nitrogen retention of some degree is 
more the rule than the exception [7-4]. Dehy- 
dration plays a role, but elevation of the blood 
non-protein nitrogen inconsistent with dehydra- 
tion alone is frequently seen, and it seems 
necessary in these cases to postulate some degree 
of complicating impairment of renal function. 

In a majority of patients with uncomplicated 
acidosis and coma there is evidence of a transient 
disorder of renal function. Proteinuria may be 
present, and hyaline and granular casts and red 
blood cells are frequently found in the urinary 
sediment. Reubi [4] has studied the mechanisms 
of production of azotemia and showed an 
increase in blood viscosity and a sharp reduction 
in urea clearance, glomerular filtration rate, 
“effective” renal blood flow and “‘true’”’ renal 
blood flow during diabetic coma. In eight of nine 
patients renal functions promptly returned to 
normal during the course of treatment. He 
interpreted his findings as indicating that slow- 
ing of renal blood flow due to increased blood 
viscosity accounted for the azotemia. This was 
supported by an inverse relationship between 
renal blood flow and blood viscosity during and 
after coma. The term “‘functional nephropathy” 
was used to describe the disorder of renal func- 
tion in diabetic acidosis. 

The magnitude of nitrogen retention varies 
widely but in general correlates with the severity 
of the acidosis and with the prognosis [5]. 
Prompt restoration of renal function to normal 
is the rule in the patient treated successfully 
'4,6,7|. Occasional patients have a persistent or 
increasing azotemia during the course of treat- 
ment, and when this occurs other causes of dis- 
ordered renal function and azotemia may be 
responsible. Infection can precipitate diabetic 
acidosis and produce azotemia. At times the 
source of infection may not be apparent, and 


* From the Department of Medicine, the Johns Hopkins University School of Medicine and the Johns Hopkins Hospital, 
Baltimore, Maryland. 


persistent or increasing nitrogen retention may 
be a manifestation of its presence. Dramatic 
reduction in azotemia often accompanies the 
control of infection under these circumstances. 
Obstructive uropathy may produce severe azotemia 
during diabetic acidosis and is not uncommonly 
associated with infection. Preexisting chronic renal 
disease, such as glomerulonephritis, pyelonephri- 
tis and polycystic kidneys, may lead to the 
development of uremia during acidosis, and 
detection of these diseases may be difficult. 
Intercapillary glomerulosclerosis may contribute 
to azotemia during diabetic acidosis without pro- 
ducing evidence of impaired renal function prior 
to this event. Arteriolar nephrosclerosis can be 
more easily recognized as a source of azotemia 
because of the consistent association of hyper- 
tension, but the importance of its contribution 
to nitrogen retention may be difficult toevaluate. 
In addition to these and other obvious causes of 
persistent or increasing azotemia during the 
management of diabetic acidosis, an occasional 
patient may display this pattern without an 
apparent explanation. 

The charts of 476 adult patients admitted to 
the Johns Hopkins Hospital one or more times 
in diabetic acidosis between the years 1934 and 
1955 were reviewed. Three patients were found 
in whom increasing azotemia occurred during 
the management of an episode of acidosis and in 
whom a ready explanation for the nitrogen 
retention was not apparent. Twenty-one other 
patients showed persistent azotemia associated 
with infection or chronic renal disease. 


CASE REPORTS 


Case1. B.S. (J. H. H. 695155), a twenty year old 
white man, was admitted in diabetic acidosis on 
January 25, 1955, having been stuporous for about 
twenty hours. His past health had always been good, 
and the findings on examination in the Army one 
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Fic. 1. Case 1. Changes in the serum NPN, CO; combining power and urinary 


output. 


year earlier had been normal. One month before 
admission polydipsia and polyuria developed and he 
began to lose weight. Two days before admission he 
began to vomit and became quite weak. 

The temperature was 96°F. (rectal); pulse, 104; 
respirations, 44 and Kussmaul in type. The blood 
pressure was 90/55 mm. Hg. The patient responded 
to painful stimuli. He was markedly dehydrated. 
The retinas were normal, and the lungs and heart 
showed no abnormalities. The remainder of the 
physical examination revealed nothing of importance. 

The hematocrit was 48 per cent, white blood cell 
count was 18,000 per cu. mm. with a shift to the left, 
erythrocyte sedimentation rate (Wintrobe) was 
35 mm. Urinalysis showed a specific gravity of 1.015, 
pH 6.0, protein, 2 plus; sugar, 4 plus; acetone, 4 plus; 
and a sediment containing many granular casts and 
occasional red and white cells. The non-protein 
nitrogen was 63 mg. per cent; blood sugar, 500 mg. 
per cent; CO, combining power, 6.9 mEq./L., serum 
chlorides, 106 mEq./L., sodium, 136 mEq./L.; and 
potassium, 4.6 mEq./L. The electrocardiogram was 
normal. 

The hyperglycemia and ketosis were successfully 
controlled with insulin and intravenous fluids by the 
sixtieth hour. The blood pressure rose to 114/70 
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mm. Hg within the first two and a half hours. Intra- 
venous potassium therapy was begun five hours after 
admission, and a total of 10 gm. of potassium chloride 
was administered over the next six hours. By the 
fourteenth hour after admission the patient was 
responsive, although respirations were still of a Kuss- 
maul character. During the fifteenth hour there was an 
abrupt change in the patient’s condition. A flaccid 
paralysis, shallow respirations and areflexia devel- 
oped, and he became only barely responsive. His 
pulse was 80 and quite full, and blood pressure was 
100/20/0 mm. Hg. An electrocardiogram showed 
typical changes of hypokalemia, confirmed by a 
serum potassium of 2 mEq./L. Over the next nine 
hours 20.5 gm. of potassium chloride were admin- 
istered intravenously, for a total of 30.5 gm. within a 
nineteen hour period. The blood pressure gradually 
rose to 120/80 mm. Hg. At the end of this time 
the patient was alert and oriented, and remained so 
thereafter. 

There was a progressive rise in the serum non- 
protein nitrogen to 120 mg. per cent on the fifth 
hospital day. (Fig. 1.) Phenolsulphonphthalein 
excretion on the fourth day was 25 per cent in two 
hours and on the seventh day, 30 per cent. Proteinuria 
persisted for four days, and serial urinalyses showed 
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Fic. 2. Case u. Changes in the serum NPN, CO, combining power and urinary output. 


specific gravities fluctuating about 1.010 unul the 
fifteenth day, when the specific gravity was 1.021. 
Cystoscopy and retrograde pyelography on _ the 
fifth day were normal. On the eighth hospital day the 
inulin clearance was 56 ml./minute (normal 130 + 
20 ml./minute), and para-amino hippurate (PAH) 
clearance was 202 ml./minute (normal 700 + 135 
ml./minute). One week later the inulin clearance 
was 92 ml./minute, and the PAH clearance was 390 
ml./minute. Four months later the patient was doing 
well, his serum non-protein nitrogen was 37 mg. per 
cent, and urinalysis was normal. 


Comment: This young man had had symptoms 
of diabetes mellitus for one month before he was 
admitted to the hospital in acidosis. The acidosis 
was not difficult to control with fluids and 
insulin, but severe hypokalemia developed, 
requiring 30.5 gm. of potassium chloride within 
a nineteen hour period. There was progressive 
azotemia during the first seven days, as well as 
other evidence of impaired renal function with- 
out significant oliguria. A gradual fall in the 
serum non-protein nitrogen and return of renal 
function toward normal then followed. No ob- 
vious cause of the disordered renal function was 


detected. It seems likely that acute renal failure 
without more than transient oliguria was re- 
sponsible for the progressive azotemia. 


Case u. M.R. (J. H. H. 660244), a sixty-three 
year old white man, was admitted in a comatose 
state on December 22, 1953. He had had diabetes 
mellitus for six years. Adherence to regulation with 
diet and insulin was poor, and diabetic acidosis had 
developed on two previous occasions. Nocturia had 
persisted since the onset of his diabetes. Nausea and 
abdominal cramps developed twelve hours before 
admission and he gradually became comatose. 

The temperature was 93.8°r. (rectal); pulse, 120; 
respirations, 32 and gasping. The blood pressure was 
66/40 mm. Hg. He was markedly dehydrated, but 
the skin was cool and clammy. The lungs were clear, 
and the heart was normal except for the tachycardia. 
Examination of the abdomen revealed no abnor- 
malities. The remainder of the examination was 
normal. 

The hematocrit was 43 per cent and fell to 35 
per cent after hydration. The white blood cell 
count was 14,650 per cu. mm. but later became 
normal. Urinalysis revealed 3 plus proteinuria, 4 plus 
glycosuria and 4 plus reactions for acetone and 
diacetic acid. The specific gravity was 1.020, and the 
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sediment contained a few white cells and occasional 
granular casts. The serum non-protein nitrogen was 
54 mg. per cent; blood sugar, 744 mg. per cent; CO; 
combining power 10.1 mEq./L.; serum chlorides, 109 
mEq./L.; sodium, 128 mEq./L.; and potassium, 
4.6 mEq./L. The serum acetone test was positive 
in a 1:4 dilution. 

Intravenous norepinephrine was given for five hours 
but was not required after that ume. Therapy with 
intravenous fluids and insulin proceeded concomi- 
tantly. The temperature gradually rose to 100.4°r. 
during the next twelve hours but was never abnormal 
thereafter. Penicillin and gantrisin® were given. Five 
hours after admission serum acetone was still present 
in a 1:4 dilution, but urine acetone was only 2 plus, 
and the reaction for diacetic acid was negative. The 
serum potassium never fell below 3.4 mEq./L., and 
supplemental potassium was not given. A phenol- 
sulphonphthalein test on the second day showed 30 per 
cent excretion in two hours, and on the eleventh day, 
38 per cent in two hours. Intravenous pyelography on 
the eleventh day demonstrated bilateral excretion, 
but concentration of the dye was poor. The serum 
non-protein nitrogen gradually rose to 118 mg. per 
cent on the fourth day in spite of a good urinary out- 
put. (Fig. 2.) Azotemia slowly subsided during the 
next ten days. 

The patient was readmitted in acidosis four months 
later and at that time had gross pyuria and coli- 
aerogenes bacilluria. The serum non-protein nitrogen 
was 69 mg. per cent on admission, 33 mg. per cent the 
following day, and remained normal thereafter. 
Phenolsulphonphthalein excretion was 62 per cent in 
two hours. In addition to therapy with fluids and 
insulin, penicillin and tetracycline were given. The 
patient was found to have a 250 ml. residual urine, 
and cystoscopy revealed trabeculation of the bladder 
and hypertrophy of the median bar. Transurethral 
resection of the prostate was performed. 

On December 21, 1954, one year after his first 
admission, the patient was readmitted, comatose and 
in shock. He died three hours after arrival. Permission 
for autopsy was not obtained. 


Comment: This sixty-three year old man was 
admitted in a state of coma and shock due to 
diabetic acidosis. Norepinephrine was required 
for five hours because of hypotension, but the 
urinary output was always adequate after the 
first few hours. Severe hypokalemia did not 
develop. Renal insufficiency was _ indicated 
by increasing azotemia over a four day period 
and impaired phenolsulphonphthalein excretion. 
On a subsequent admission for diabetic acidosis 
increasing azotemia did not occur and the 
phenolsulphonphthalein excretion was normal, 
although he was found at that time to have ob- 
structive uropathy. The renal insufficiency on his 
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first admission was probably secondary to shock 
and renal ischemia. 


Case m. N.S. (J. H. H. 370418), an eighteen year 
old woman, was admitted in a stuporous condition on 
December 4, 1953. She had had diabetes mellitus for 
seven years and had been admitted on eight previous 
occasions with diabetic acidosis. She had been having 
mild diarrhea for seven days and in the twenty-four 
hours before admission malaise, anorexia, nausea and 
vomiting had developed. 

The temperature was 99.4°r. (rectal); pulse, 104; 
respirations, 24 and of a Kussmaul character. The 
blood pressure was 144/90 mm. Hg. She was moder- 
ately dehydrated, and there were numerous ex- 
coriated secondarily infected areas on her extremities. 
Findings on examination of the chest, abdomen and 
pelvis were within normal limits. 

The hematocrit was 49 per cent, white blood cell 
count was 11,500 per cu. mm. Urinalysis revealed a 
specific gravity of 1.005 with a trace of proteinuria, 
3 plus glycosuria, and 4 plus reactions for acetone 
and diacetic acid. There were a few red and white 
cells and moderate numbers of granular casts, but 
subsequent urinalyses showed normal sediment and 
no proteinuria. The serum non-protein nitrogen was 
39 mg. per cent, blood sugar, 410 mg. per cent; CO, 
combining power, 6.9 mEq./L.; and serum chlorides, 
107 mEq./L. Blood and urine cultures were sterile, 
and stool cultures contained no pathogens. 

The patient was treated with insulin and intra- 
venous fluids and received terramycin® for the in- 
fected excoriations. The electrocardiogram showed 
changes suggestive of hypokalemia several hours after 
admission, and these changes persisted for six days. 
The serum potassium was 3.7 mEq. /L. two hours after 
admission and was not repeated until the fifth hospital 
day, when it was 1.9 mEq./L. On the seventh hospital 
day the serum potassium was 3.1 mEq./L. and it did 
not subsequently fall below this level. At no time 
were symptoms of hypokalemia detected, and no sup- 
plementary potassium was given. On the second day 
the patient was responsive, and on the third day she 
was able to take a full diet. At this time the serum 
non-protein nitrogen had risen to 98 mg. per cent, 
and a pericardial friction rub was heard. (Fig. 3.) 
The phenolsulphonphthalein excretion in two hours 
was 30 per cent, as compared with 70 per cent eight 
months earlier. On the tenth day phenolsulphonphthal- 
ein excretion was 20 per cent and maximum urine 
specific gravity was 1.018, but the serum non-protein 
nitrogen had fallen to normal. 

She was admitted twice subsequently with diabetic 
acidosis and infected excoriations, but the serum non- 
protein nitrogen was not elevated on either occasion. 
The phenolsulphonphthalein excretion in January, 
1955, was 77 per cent in two hours, and maximum 
urine concentration was 1.023. She is doing well at the 
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Fic. 3. Case m1. Changes in the serum NPN, CO; combining power and urinary 
output, and occurrence of pericardial friction rub. 


Comment: This eighteen year old woman had 
mild diarrhea for a week before admission with 
diabetic acidosis. Serial electrocardiograms 
showed changes suggestive of hypokalemia, 
and the serum potassium fell as low as 1.9 
mEq./L., but there were no symptoms of 
hypokalemia, and supplemental potassium was 
not given. Renal insufficiency was indicated 
by increasing azotemia for four days and poor 
phenolsulphonphthalein excretion. A pericardial 
friction rub appeared concomitant with the 
rising serum non-protein nitrogen. The pattern 
of nitrogen retention was probably produced 
by acute renal failure without an evident oliguric 
phase. 


COMMENTS 


In considering the problem of unexplained 
persistent or increasing azotemia during the 
management of diabetic acidosis it is at times 
difficult to exclude pre-existing chronic renal 
disease. This is particularly true of intercapillary 
glomerulosclerosis, the pathologic lesions of 
which may exist without diagnostic clinical 
features [8]. 

Infection and obstructive uropathy can cause 


increasing azotemia but recognition of their 


presence is usually not difficult Appropriate 
treatment of infection and relief of obstruction 
may be followed by a dramatic decrease in the 
serum non-protein nitrogen level. 

Among the suggested causes of unexplained 
renal insufficiency in diabetic acidosis have been 
the excretion of large amounts of ketone bodies, 
hypochloremia, and the use of large amounts of 
insulin during therapy [3]. None of these factors, 
however, seems to be of any major significance 
in the production of progressive azotemia during 
the treatment of acidosis. Ketone substances 
probably do not exert a direct injurious effect on 
the kidney [3], and ketosis is usually not followed 
by persistent impairment of renal function. 
Hypochloremia can also be dismissed, since it is 
not consistently present in patients displaying 
postcoma nitrogen retention. Hyperchloremia 
sometimes develops during therapy as a conse- 
quence of the employment of large amounts of 
normal saline solution and may contribute to the 
persistence of acidosis (so-called chloride acido- 
sis) [9], but this also is not uniformly associated 
with postcoma nitrogen retention. The amount 
of insulin given during the treatment of diabetic 
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acidosis is usually proportionate to the severity 
of the process, but it is not always the most 
severely ill patient in whom persistent or pro- 
gressive azotemia develops. In addition there is 
no evidence that insulin has any deleterious 
effect on the kidneys [3}. 

In the three cases presented it seems likely that 
the progressive azotemia was a manifestation of 
acute renal failure. There was no persistent 
oliguria in these patients, but acute renal failure 
without a striking oliguric phase has been de- 
scribed by others. Swan and Merrill [70] view 
this syndrome as representing a spectrum merg- 
ing in one direction with functional renal dis- 
orders such as follow acute depletion of water 
and salt. Here renal function is usually rapidly 
restored by replacement therapy. Between such 
functional disturbances and overt acute renal 
failure are classified cases in which lingering 
impairment of renal function is revealed only by 
special tests. In such cases oliguria may be fleet- 
ing or undetected and azotemia transient. 

The fundamental disturbance responsible for 
the development of acute renal failure in most 
cases is renal ischemia, and even in those cases 
due to metallic poisons ischemia plays a second- 
ary role. Oligemia, hypotension and renal 
vasoconstriction lead to this reduction in renal 
blood flow {77}. (Acute renal failure may, how- 
ever, occur in some cases without a detected 
period of hypotension.) In diabetic acidosis the 
degree of renal ischemia has been found to be 
proportionate to the increase in blood viscosity 
'4|. It would seem likely that acute renal failure 
would develop not infrequently in diabetic 
acidosis with its associated reduction in renal 
blood flow. Diabetic acidosis has, however, re- 
ceived little emphasis as a cause of acute renal 
failure and is not mentioned as an etiologic factor 
in several major reviews of the subject [{ 70,72,73}. 
The reason for the apparent low frequency of 
acute renal failure in diabetic acidosis may be 
that the period of renal ischemia is usually 
not long enough to produce the overt manifesta- 
tions of renal failure. The acidotic diabetic 
patient usually responds rapidly to treatment 
with consequent relief of renal ischemia or else 
succumbs in acidosis. 

The mechanism of oliguria in acute renal fail- 
ure is poorly understood and the source of much 
debate. Tubular back diffusion, renal ischemia, 
interstitial edema and tubular blockage are all 
mentioned as factors {/2]. The means by which 
the diuretic phase is initiated are also obscure, 
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but severe abnormalities in renal function are 
still present when diuresis is initiated. It seems 
likely that abnormal tubular permeability, re- 
duced glomerular filtration rate and reduced 
renal blood flow all persist in some degree | 7/0). 
Azotemia may continue to progress during the 
early diuretic phase, and a rising serum non- 
protein nitrogen over a period of several days 
may reflect a degree of acute renal failure after 
transient or undetected oliguria. 

Acute renal failure secondary to _ renal 
ischemia in diabetic acidosis may have occurred 
in certain previously reported cases |3,4,7,/4). 
The possibility that it may occur in diabetic 
acidosis without an initial oliguric phase has 
been suggested by Bernstein, Foley and Hoffman 
[7]. They studied renal function during and 
after diabetic coma and found that their patients 
could be divided into two groups. In four pa- 
tients renal functions returned to normal 
promptly, but two other patients had continued 
poor extraction of para-amino hippurate, iso- 
sthenuria and intensification of azotemia in 
spite of correction of acidosis and hyper- 
glycemia. It was considered that the persisting 
abnormalities in these latter two patients were 
manifestations of acute renal failure, although an 
initial oliguric phase was not evident. An 
osmotic diuretic effect produced by hyper- 
glycemia may be one factor in explaining the 
absence of initial oliguria in such patients. 

A striking example of unexplained progressive 
but reversible azotemia in a young woman with 
diabetic coma, hypotension and hypokalemia 
has been reported by Kalinowski and Walker 
|74|. They do not speculate on the nature of the 
defect in renal function in their patient but the 
period of hypotension and the prolonged oliguria 
were suggestive of acute renal failure secondary 
to renal ischemia. 

Alteration in the renal threshold for glucose 
and ketone bodies in diabetic acidosis with un- 
explained persistent or progressive azotemia 
gives further evidence of renal insufficiency 
in these circumstances. In the case reported by 
Kalinowski and Walker [74] there was an ele- 
vated threshold for glucose, and in Case u 
reported here the patient demonstrated a rise in 
the threshold for ketone bodies, as did one pa- 
tient mentioned by McCance and Lawrence | 3}. 
Coburn [75] found ketonemia without ketonuria 
in several patients with diabetic acidosis but, 
although he believed that this phenomenon was 
a warning of impending renal failure, its occur- 
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rence is not restricted to those patients in whom 
postcoma nitrogen retention develops. 

The occurrence of renal dysfunction secondary 
to potassium deficiency has not been described in 
diabetic acidosis. Potassium depletion in diabetic 
acidosis is a relatively acute complication, but 
experimental potassium depletion in dogs re- 
sults in polydipsia and polyuria within a few 
days [/6|, and changes in the renal tubular 
epithelium of rats are observed by the eighth 
day of such depletion [77]. It seems conceivable 
that renal dysfunction secondary to potassium 
depletion might develop in the _ occasional 
patient with diabetic acidosis when the magni- 
tude of potassium loss is great and extends over a 
period of several days, as in Cases 1 and m1 re- 
ported here. A number of years ago Bayer | 78) 
described histologic changes in the kidney com- 
patible with potassium depletion in a patient 
dying during the management of diabetic 
acidosis. One of nine patients studied by Reubi 
4) died with hypokalemia and was found to 
have granular and fatty degeneration of the 
proximal convoluted tubules with interstitial 
edema. 

Assuming, however, that potassium depletion 
nephropathy may occur in an occasional case of 
diabetic acidosis it is unlikely that this could 
contribute significantly to the picture of nitrogen 
retention seen in our cases. Schwartz and Rel- 
man found the serum non-protein nitrogen to be 
normal or only slightly elevated in patients with 
potassium depletion nephropathy secondary to 
chronic diarrhea, although the glomerular 
filtration rate was reduced to less than half 
normal in one such patient [/9,20]. The renal 
disorder in potassium depletion is chiefly one of 
tubular rather than glomerular dysfunction, and 
thus azotemia is never marked. 

At this time the mechanism of the postacidotic 
azotemia which was observed in the patients 
reported here remains uncertain. When infec- 
tion, obstruction and underlying chronic renal 
disease are excluded, cases of diabetic acidosis 
remain with unexplained increasing azotemia 
during the management of the acidotic episode. 
It seems possible that they may represent acute 
renal failure secondary to renal ischemia. 


SUMMARY 


Most patients with severe diabetic acidosis 
have initial nitrogen retention of some degree. 
The mechanisms of this have been discussed. A 


few patients display unexplained increasing 
azotemia during treatment, although there is 
usually eventual complete restoration of renal 
function. Three of 476 patients having one or 
more episodes of diabetic acidosis were found to 
have unexplained progressive azotemia during 
the management of an acidotic episode. It is 
suggested that these patients may have had acute 
renal insufficiency without an evident oliguric 
phase. 


Acknowledgments: The authors wish to thank 
Drs. Gilbert H. Mudge and Kenneth L. Zierler 
for their helpful suggestions. 


REFERENCES 


1. Frrz, R. Observations on kidney function in diabetes 
mellitus. Arch. Int. Med., 20: 809, 1917. 

2. Lyaui, A. and Anperson, A. G. Diabetic coma: the 
significance of alterations in the blood-urea. Quar/. 
J. Med., 1: 353, 1932. 

3. McCance, R. A. and Lawrence, R. D. The setre- 
tion of urine in diabetic coma. Quart. J. Med., 4: 
53, 1935. 

4. Reus, F. C. Glomerular filtration rate, renal blood 
flow and blood viscosity during and after diabetic 
coma. Circulation Research, 1: 410, 1953. 

5. Bearpwoop, J. T., Jr. and Rouse, G. P., Jr. Diabetic 
acidosis: A study of two hundred and twenty con- 
secutive cases. J. A. M. A., 117: 1701, 1941. 

6. McCance, R. A. and Wippowson, E. M. Functional 
disorganization of the kidney in disease. J. Physiol., 
95: 36, 1939. 

7. Bernstein, L. M., Forey, E. F. and Horrman, W. S. 
Renal function during and after diabetic coma. 
J. Clin. Investigation, 31: 711, 1952. 

8. Rocers, J. and Rossins, S. L. Intercapillary glom- 
erulosclerosis: a clinical and pathologic study. 1. 
Specificity of the clinical syndrome. Am. J. Med., 
12: 688, 1952. 

9. Spracue, R. G. and Power, M. H. Electrolyte 
metabolism in diabetic acidosis. J. A. M. A., 151: 
970, 1953. 

10. Swan, R. C. and Merritt, J. P. The clinical course 
of acute renal failure. Medicine, 32: 215, 1953. 

11. pe Warpener, H. E. In: Progress in Clinical Medi- 
cine. Edited by Daley R. and Miller, H. London, 
1956. J. & A. Churchill, Ltd. 

12. Brun, C. Acute Anuria. Copenhagen, 1954. Ejnar 
Munkagaard. 

13. MacLean, J. T. Acute Renal Failure. Springfield, 
Ill., 1952. Charles C Thomas. 

14. Kauinowsk1, S. Z. and Waker, J. M. Diabetic 
coma associated with lipaemia and complicated 
by uraemia. Brit. M. J., 2: 661, 1953. 

15. Copurn, A. F. Diabetic ketosis and functional renal 
insufficiency. Am. J. M. Sc., 180: 178, 1930. 

16. Surrn, S. G. and Lasarer, T. E. A diabetes insipidus- 
like condition produced in dogs by a potassium 
deficient diet. Proc. Soc. Exper. Biol. @ Med., 74: 
427, 1950. 


AMERICAN JOURNAL OF MEDICINE 


| 


Azotemia in Diabetic Acidosis— / rever, Cluff 375 


17. Forus, R. H., Jr., Onent-Keles, E. and Mc- 19. Schwartz, W. B. and Reitman, A. S. Metabolic and 


Coititum, E. V. The production of cardiac and renal studies in chronic potassium depletion result- 
renal lesions in rats by a diet extremely deficient ing from overuse of laxatives. J. Clin. Investigation, 
in potassium. Am. J. Path., 18: 29, 1942. 32: 258, 1953. 

18. Bayer, L. M. Six fatal cases of diabetic acidosis: with 20. Reitman, A. S. and Scuwartz, W. B. The nephrop- 
special reference to the occurrence of acute pan- athy of potassium depletion: a clinical and 
creatic necrosis in one and severe nephrosis in pathological entity. New England J. Med., 255: 195, 
another. Am. J. M. Sc., 179: 671, 1930. 1956. 


MARCH, 1958 


i 


The Fluid and Electrolyte ‘Therapy of Severe 
Diabetic Acidosis and Ketosis 


A Study of Twenty-nine Episodes (Twenty-six Patients) 


HELEN EASTMAN MARTIN, M.D., KENDRICK SMITH, M.D. and Mary Lu WILSON, A.B. 


Los Angeles, California 


HILE much has been written concerning 
asain forms of fluid therapy in the treat- 
ment of diabetic acidosis and ketosis, many prob- 
lems have not been completely resolved in 
previously reported work. This study is an at- 
tempt to evaluate, with balance studies, various 
types of repair fluids. 


MATERIAL AND METHODS 


The twenty-six patients included in this study 
entered the Los Angeles County Hospital with serious 
diabetic acidosis and ketosis, all with serum bicar- 
bonate levels below 9 mEq./L., with one exception in 
whom the serum bicarbonate was 10 mEq./L. Three 
patients were studied twice. There were sixteen 
women and ten men, with an age range from fourteen 
to seventy-three years. Serum sodium, potassium, 
calcium, magnesium, chloride, phosphate and bicar- 
bonate levels were determined at two- to four-hour 
intervals during the period of intensive therapy, which 
was usually twelve hours. Urine samples were 
analyzed for electrolyte values synchronously with the 
serum levels in fifteen instances. Nine of these fifteen 
balance studies were complete, six incomplete. 
Blood ketone levels were determined at two to four- 
hour intervals in seventeen patients. The chemical! 
methods used in the electrolyte and sugar determina- 
tions are those reported previously from this labora- 
tory [7-7]. The urine electrolytes were measured by 
modifications of the methods employed for serum, 
except for urinary chloride which was determined by 
a modification of the standard Volhard-Arnold 
method. 

In general, three types of fluids (hypotonic, isotonic 
and hypertonic) were used, with some variation 
between patients. | 

Schedule 7. 2 L. of 42 molar sodium lactate, and 
3 L. ‘“‘modified’”’ Butler’s solution. T 


1 The modified Butler’s solution contained 57 mEq. 


Schedule 2. 2 L. 4 molar sodium lactate and 2 to 
3 L. 0.9 per cent saline solution. 

Schedule 3. 2. combination of (34 L. 44 M sodium 
lactate) and (14 L. 0.9 per cent saline solution) and 
3 L. Butler’s solution. 

Potassium chloride and potassium phosphate were 
given in varying amounts as indicated in the results. 
The potassium chloride was usually administered at 
the rate of 2 gm. per L. of any of the repair fluids 
used, starting with the second or third liter of intra- 
venous fluid. The potassium phosphate solution was 
added at the rate of 1 ampoule} per L. of repair fluid 
and given in varying total amounts as indicated in the 
results. Fourteen of the patients received phosphate 
solution. 

All patients received 200 units of regular insulin 
intravenously every two hours until the blood sugar 
was below 300 mg. per cent, when smaller doses were 
given intramuscularly at two- to four-hour intervals. 
Dextran, plasma or whole blood and vasopressors 
were used for shock and decreased plasma volume, as 
required. 

There were seven deaths in this series, a mortality 
of 24 per cent. Three of the deaths were clearly not 
due to the diabetic ketoacidosis. Autopsies were ob- 
tained in four instances. 


RESULTS 


Tonicity of Body Fluids in Diabetic Acidosis. 
1. Calculated Osmolarity of Serum Prior to Therapy: 
Osmolarity or tonicity of the blood can usually 
be gauged by the serum sodium concentration, 
since the serum sodium level is the main force 


Na, 50 mEq. Cl, 25 mEq. K, 21 mEq. PO,, 25 mEq. 
lactate and 6 mEq. mg. per L. 

t Each 5 cc. ampoule (Eli Lilly & Co.) contained 2 gm. 
K2HPO, and 0.4 gm. KH2PO,. 


* From the Department of Medicine of the University of Southern California School of Medicine and the Los 
Angeles County Hospital. Supported in part by a grant-in-aid from the Eli Lilly Co. and U. S. Public Health Grant 


#H365-C4-6. 
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that governs movement of water between the 
extra- and intracellular compartments. In 
diabetic acidosis with hyperglycemia this is not 
true, as the osmolarity of the blood is signifi- 
cantly increased by the high blood glucose 
concentrations. Table 1 gives the initial cal- 


TABLE 
CALCULATED * OSMOLARITY OF BLOOD ON ENTRY— 
PER CENT OF TWENTY-FIVE PATIENTS 


Decreased 
Osmolarity 


Increased 
Osmolarity 


Normal | 
Osmolarity 


32% (8 patients) | 52% (13 patients) | 16% (4 patients) 


Range of osmolarity found (mOsm./L.): 


140-145 7 146.4-172.5 128 .2-133 


* Calculated from serum sodium and glucose con- 
centrations [8]. 


culated osmolarity of the serum in twenty-five 
patients: thirteen (52 per cent) had an increased 
osmolarity, eight (32 per cent) a normal os- 
molarity and four (16 per cent) a decreased 
osmolarity. If only the initial serum sodium 
level were considered (Table 1) only 7 per cent 
of the patients would have shown an increased 
osmolarity, as 67 per cent of the initial serum 
sodium concentrations were low and 26 per cent 
within the normal range. 

2. Effect of Therapy on Calculated Osmolarity of 
Serum at Twelve Hours: Figure 1 gives the cal- 
culated initial and twelve-hour serum osmolarity 
for the general type of fluid used.* This figure 
shows that four of the seven patients receiving 
hypotonic fluid had a normal osmolarity and 
three an elevated osmolarity after twelve hours 
of therapy. In only one instance did the os- 
molarity rise during therapy. With the use of 
approximately isotonic fluid the calculated 
serum osmolarity was normal in one patient, 
low in one patient and elevated in three patients 
at twelve hours. In three instances there was a 
slight rise in osmolarity during therapy. When 
hypertonic solution was used (thirteen patients) 
the calculated twelve-hour serum osmolarity 
was normal in four, low in two and high in seven. 


* The glucose added to the intravenous solution is 
assumed to be administered relatively slowly and to be 
used rapidly, in view of the large doses of insulin given, 
therefore it is not calculated in the osmolarity of the fluid 
used. 
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In four instances there was a rise in osmolarity 
during treatment. | 
Increased osmolarity at twelve hours was 
associated with elevated serum sodium levels in 
nine of the thirteen instances in which it oc- 
curred. In one patient the increased twelve-hour 


TABLE 
SERUM ELECTROLYTE LEVELS (PER CENT LOW, NORMAL OR 
ELEVATED) AT ENTRY AND AFTER TWELVE HOURS 
OF THERAPY (TWENTY-EIGHT PATIENTS) 


| Entry | 


Twelve Hours 
Th | | 
erapy 
| |Nor-| 7 | Nor-| 
| Low | nal | High | Low) a, | High 
| 
| 
Sodium...... | 67 | 2 7 26 41 33 
Chloride. .... 33 | 45 22 11 41 48 
Bicarbonate. ..| 100 0 0 46 50 4 
Calcium... .. | 28] 68 4 
Potassium..... 18) 43 39 63 33 4 
Magnesium... 7ta@ 68 55 | 24 21 
Phosphate..... 11) 18 71 | 90 10 0 


osmolarity was due to a high serum sugar con- 
centration. In two patients there was a marked 
diuresis, probably due to a combination of a 
large glucose load and use of a very hypotonic 
fluid, resulting in a hypertonic contraction of 
the extracellular compartment. In one patient 
the increase in osmolarity was slight. 

Retention of Fluid Correlated with the Use of 
Hypertonic, Isotonic and Hypotonic Fluids. One 
problem that concerned us was whether, in the 
face of loss of extracellular volume, hypotonic 
solutions would be retained as well as isotonic 
or slightly hypertonic solutions. This is an im- 
portant consideration as it is urgent to restore the 
plasma volume to normal so that the kidneys will 
function at an optimum level. 

Figure 2 shows the type and volume of fluid 
given as related to the volume of fluid retained in 
twelve hours in twenty-two patients. The aver- 
age twelve-hour fluid intake was 4.49 L. (range 
2 to 8.5 L.) with an average retention of the 
administered fluid of 69.6 per cent and an aver- 
age twelve-hour urine volume of 1.29 L. (range 
0.26 to 3.18 L.) It is to be noted that more fluid 
was retained at high intakes. At low levels of 
fluid intake a smaller amount is retained as there 
is an obligatory requirement of water for the 
urinary solute load. As the blood sugar levels 
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Fic. 1. Osmolarity of the serum in diabetic ketoacidosis correlated with tonicity of 


intravenous fluids administered. 


and the solute loads to the kidney varied, it was 
difheult to analyze the effect of the tonicity of 
the fluid used on fluid retention. No clear cut 
difference in fluid retention with fluids of vary- 
ing tonicity is noted, however. (Fig. 2.) 

One patient was studied in three different 
episodes of severe diabetic acidosis and ketosis. 
(Table m.) Slightly less fluid was retained with 
the use of hypotonic fluid but the difference does 
not appear to be significant. 

Correction of Acidosis. Nineteen of the twenty- 
eight patients (67.8 per cent) showed a twelve- 
hour rise of serum bicarbonate of 15 mEq./L. 
or more. Nine (32.2 per cent) had a rise of less 
than 15 mEq./L. 

The average lactate intake was 329 mEq., 
chloride 305 mEq., with a lactate/chloride ratio 
of 1.08. 


* One of these episodes of severe ketoacidosis is not 
otherwise included in this paper. 


If the nine cases in which there was a slower 
rise of serum bicarbonate are analyzed, the fol- 
lowing factors, singly or in combination, were 
present: low lactate intake (under 250 mEq.), 
lactate /chloride intake ratio under 1, high entry 
and twelve-hour serum chloride level, and slow 
fall of the blood ketone level. 

Serum Electrolyte Levels and Results of Balance 
Studies. Table u gives the entry and twelve- 
hour serum electrolyte levels in the twenty-eight 
patients followed for twelve hours. One patient 
died at six hours and so is not included in this 
table. Table tv gives the details of the balance 
study in one patient, Table v summarizes the 
results of the electrolyte balances during twelve 
hours of therapy in eight patients. 

On entry 67 per cent of the serum sodium levels 
were low, 26 per cent normal and 7 per cent high. 
At twelve hours 26 per cent were low, 41 per cent 
normal and 33 per cent high. The sodium bal- 


AMERICAN JOURNAL OF MEDICINE 


180 
150 | 
— > 
| 
| 


Therapy of Diabetic Acidosis—Martin et al. 379 


ance in eight patients during the first twelve 
hours of therapy is presented in Table v. The 
average sodium intake was 445 mEq., with an 
average retention of 92 per cent of the intake and 
an average urinary loss of 45 mEq. 

On entry 33 per cent of the serum chloride 
levels were low, 45 per cent normal and 22 per 


TABLE 
RESULTS OF THREE DIFFERENT TREATMENT SCHEDULES IN 
THE SAME PATIENT 
(B. V. O., A TWENTY-THREE YEAR OLD WHITE WOMAN 


no. 1143-592) 


Four | | 
hr | 
| Four- | Blood 
Vol- hr. Fluid Osmolarity of Sugar 
pital ume Given 
Urine Intravenous (0 to 4 
Ad- | Intra- Re- 
Vol- Fluid hr.) 
sion nous | ume | (%) (mOsm. /L.) (mg 
Fluid | | | %) 
(L.) 
1 |2.500/0 600 | 393 254-209 
2 2.00 71 167 336-322 
3 4.167 0.850 79 6 356 625-270 
| | | 


cent high (Table 1) in contrast to the entry 
serum sodium levels. At twelve hours 11 per cent 
of the levels were low, 41 per cent normal and 
48 per cent elevated. If the factors responsible for 
the rise in serum chloride are analyzed (Table 
V1) it is seen that they fall into the following 
categories: (1) a sodium and chloride intake in a 
ratio less than that in the serum (where it is 
1:35 to 1:45); (2) a serum chloride level which 
was high prior to therapy; and (3) a rise of both 
serum chloride and sodium levels, due to use of 
hypertonic solutions with loss of more water 
than electrolyte. The average intake of chloride 
in eight patients was 240 mEq., with an average 
retention of 89 per cent of the intake and an 
average urine loss of 40 mEq. during the first 
twelve hours of therapy. (Table v.) 

On entry 18 per cent of the serum potassium 
levels were low, 43 per cent were normal and 39 
per cent were high. (Table u.) This is approxi- 
mately the same range of percentages found in a 
much larger series—145 patients with severe 
diabetic ketoacidosis (unreported data), in 
which 15 per cent of the serum potassium levels 
were low, 45 per cent were normal, and 40 per 
cent were elevated on entry. The reasons for the 
variation in the serum potassium level on entry are 
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not entirely clear. One possibility is decreased 
renal function and poor urinary output of potas- 
sium. No correlation between non-protein 
nitrogen (or urea) level and serum potassium 
level was found in our series. Elevated serum 
non-protein nitrogen occurred in 70 per cent of 
the patients with both normal and elevated 
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Fic. 2. The effect of tonicity of intravenously admin- 
istered fluid on fluid retention in diabetic ketoacidosis. 


entry serum potassium levels. There was no 
correlation between the entry serum potassium 
level and the hematocrit. 

The balance study in eight patients (Table v) 
showed a range of potassium intake varying from 
59 mEq. to 239 mEq., with an average intake of 
145 mEq., with retention of 76 per cent of the 
intake, and an average urinary output of 41 
mEg. At twelve hours 63 per cent of the serum 
potassium levels were under 4 mEq./L. (Table 
1), despite the average intake of 145 mEq. 

Despite all instructions about cautious, slow 
administration of potassium, one patient re- 
ceived very large amounts of potassium rapidly 
and died of hyperpotassemia and acute respira- 
tory failure. While the entry serum potassium 
level was known, subsequent changes in the 
electrocardiograms were interpreted as showing 
hypopotassemia. An additional important factor 
in the development of the hyperpotassemia 
here was the acidosis, which remained uncor- 
rected as only 0.9 per cent saline solution was 
used. The large potassium load to the kidney 
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TABLE V 
TWELVE-HOUR BALANCE OF ELECTROLYTES * 
Sodium Chloride Potassium Fluid 
Intake Fluid 
Patient Intake Intake Intake 
Intake | Urine | Re- | Intake | Urine | Re- | Intake | Urine | Re- 
Oto 12hr.| | (mEq.) | tained | 9 12 | (mEq.) | tained | 9 12 be, | | (mEq.) | tamed | nously | (L.) | tained 
(%) ( %) (%) | 
(L.) (%) 
R.W.t | 130-143 304 35 | 91 92-99 227 44 81 | 6.6-4.43/ 239 77 68 | 6 2.365| 61 
T.C. 136-147 374 98 | 117-119 | 144 13 91 |3.98-2.73| 67 | 3.5 | 0.487| 86 
O.T.§ | 131-137 373 54 86 | 110-107 | 196 14 93 | 7.0-4.36/ 213 63 70 | 5.63 | 1.843] 71 
E.M.!) | 122-158 784 228 71 74-114 | 728 210 71 | 2.01-4.21/ 186 59 68 | 5.45 | 3.180| 42 
L. G. 138-137 366 8 98 | 98-101 | 112 5 96 | 5.3-3.91 18 69 | 3.17 | 0.260; 92 
L. H. 138-140 | 372 13 97 | 107-104 | 117 11 | 90 | 4.37-2.93' 91(78)7} 27 |70(65)?} 3.40 | 0.310/ 91 
M.P& | 124-134 a? oor 90 | 107-111 | 199 2 99 | 3.43.7 |122 16 87 | 5.45 |0.205| 95 
B. G. 115-124 98 | 94115 | 197 23 | 2.67-2.9 | 180 19 86 | 4.47 |0.550| 88 
Average | ....... 445 | 240 40 145 or 41 76 | 4.63 |1.124| 78 
| 143 
Magnesium Caleium Phosphate Bicarbonate 
Patient Intake Intake a Intake 
Intake | Urine | Re- | Intake | Urine | Re- | p | Re 
Oto 12 be. | | | Oto 12 be. | | (mE) | mM | mM | ‘tent 0 to 12 hr. 
R.W.t | 188-165) 24 3.5 85 | 453.6) 0 2 2.6-1.22|860r71| 16 |81 or77 5-26 
T.C. |1.881.30| | 45410' 0 1.15 1.62-0.85' 32 8-22 
O.T.§ | 2.35223) 20 42 79 |3.88-3.15| 0 2 4.41-1.09' 83 59 29 <5-23 
E.M.! |2.27-1.38! 0 | 438.7 0 6.1 4.43-0.72| 140r0 | 12 |...... 8-26 
L.G. |1.07-0.87| 4 15 63 | 3.63.6] 0 1.0 1.55-0.23| 29 5 83 7-23 
L.H. 1{1.86-1.51| | 4.43.9! 0 2 1.75-1.59) 31 6 81 8-25 
M.P. |1.98-184 |3.85-3.7/ 0 1840.59) 11 4 64 8-24 
B.G. 17-156 8 88 | 4.8-3.7 0 1.45-1.92, 62 3 95 6-18 
Average | ......... 94 1.8 440r47| 15 72 


* Fluid and electrolyte intake interpolated to hour of urine collection. 
t Entry urine probably included in balance. 


t Interference in test with cloudy filtrate (two to six hours). Output hour: zero to two and six to twelve hours —2 mM. 
§ Thirteen hours of intravenous fluid and urine collection started 2 hours before insulin Rx. 


Thirteen hours. 


{ Some question about urine volume, two to four hours whether 50 or 150 mi. Urine collection twelve and one-half hours. 


thus had to compete with hydrogen ion for 
exchange in the tubules. 

Another facet of the potassium problem which 
has never been raised previously is whether or 
not a very low serum potassium level and serious 
cellular depletion may not contribute to the 
polyuria. We have seen a few patients who have 
had very large urine volumes which could not be 
explained on the basis of either a large fluid 
intake or a large amount of urinary sugar. Pa- 
tient E. M. (Table v) had a serum potassium of 
2.01 mEq./L. on entry and a level of 1.54 mEq./ 
L. at the end of two hours of therapy. In thirteen 
hours the urine output was 3.8 L., with an 
intake of 5.45 L. Is this the polyuria of potassium 
depletion, due to changes in the distal tubular 
epithelium [9]? 
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On entry 7 per cent of the serum magnesium 
levels were low, 25 per cent were normal and 
68 per cent were elevated. At twelve hours 55 per 
cent were low, 24 per cent normal and 21 per 
cent were high. (Table um.) Similar results in a 
smaller series of patients had been reported 
previously from this laboratory [70]. 

In the seven patients who received magne- 
sium, 4 to 24 mEq. (Table v), there was reten- 
tion of 63 to 89 per cent of the administered 
magnesium. The sixteen patients who received 
no magnesium in the first twelve hours of ther- 
apy* had an average fall in serum magnesium 
level of 0.66 mEq./L., while the thirteen patients 
who received magnesium had an average fall of 
the serum magnesium level of 0.33 mEq./L. 

* One patient was followed up for only 6 hours. 


| 


382 Therapy of Diabetic Acidosis—Martin et al. 


TABLE VI 
HYPERNATREMIA AND HYPERCHLOREMIA AT TWELVE HOURS 


| | | | | | | 
Serum Na Serum Cl Na Intake Cl Intake | Na/Cl Osmolarity Fluid Fluid 


| | Fluid Given 

Patient | (mEq./L.) | (mEq./L.) | 12 Hr. 12 Hr. | Intake © Given Retained Retained 

O0to12 Hr. Oto12 Hr. (mEq.) (mEq.) Ratio (mOsm. /L.) (L.) (%) 
N. R. 129-149 94-119 708 406 (?) (?) 
E.M. | 122-158 | 74-114 784 376 2.27 51 
RBG. | 035-484 | 96-115 404 197 319 3.90 87 
T.C. | 136-147 | 117-119 374 144 2.6 311 3.13 86 
PP. | 3390-172 | 107-132 906 682 1.3 350 413 72 
F.T. | 137-150 | 95-113 487 ma. 1 se 374 1.60 52 
S.C. | 126-126 | 112-121 371 408 1.90 56 
B.V.O.{ 150-157 | 111-125 720 509 «(1.4 366 2 60 59 
O.P. | 143-172 112-129 604 a: + 64 295 2 80 54 
J. H. 146-148 90-93 532 312 411 82 
R. A. 121-148 102-106 627 208 3.0 235 (?) (?) 
M. P. 124-134 107-111 492 199 2.5 370 5 10 94 
E. B. 131-140 (?)-111 385 128 3.0 302 2 23 40 


Only seven of the patients who received magne- 
sium had urine magnesium determinations. 

Table mu shows that 28 per cent of the serum 
calcium levels were low on entry, 68 per cent 
normal and 4 per cent high. At twelve hours, 73 
per cent were low, 23 per cent normal and 4 per 
cent high. The urinary calcium output during 
the first twelve hours of therapy (Table v) 
ranged from less than 0.5 mEq. to 6.1 mEq. No 
patients were given calcium intravenously. 
When phosphate was given there was no greater 
change in the serum calcium or urinary calcium 
output than when no phosphate was given. 
(Tables rv and v.) 

In Table uit is seen that 11 per cent of the 
initial serum phosphate levels were low, 18 per 
cent normal and 71 per cent elevated, some to 
very high levels. The serum levels fell precipi- 
tously in most instances by the fourth to eighth 
hours, so that at twelve hours 90 per cent of the 
levels were low. (Table u.) The reasons for the 
elevation of the serum phosphate on entry are 
not entirely clear, but might include decreased 
renal clearance secondary to dehydration, in 
addition to increased tissue breakdown. Further, 
high blood sugar levels and failure of glucose 
transfer into the cells, with accompanying lack 
of phosphate transfer, might be another factor. 
On analysis of our results no definite correlation 
with serum sugar levels could be established. 
There was only suggestive but no conclusive 
correlation with elevation of the non-protein 
nitrogen or urea levels, and elevation of the 
hematocrit. 


Fourteen patients received intravenous phos- 
phate therapy but in only seven of these patients 
was the urine collection for phosphate deter- 
mination complete. These seven patients (Tables 
1v and v) received 11 to 86 mM. of phosphorus, 
with retention of 29 to 95 per cent of the amount 
administered. The difference in retention may 
well be related to the serum level and rate of 
phosphate infusion, as in some instances the 
phosphate clearances were very high, and fell 
rapidly when the serum level dropped below 
normal. The phosphate clearance in one patient 
(Table tv) was very high (27 to 67 cc., minute) 
during the period of high serum levels and high 
phosphate intake. 

The serum phosphate levels in representative 
patients during the first twelve hours, with and 
without phosphate therapy, are shown in Figure 
3. In general the serum levels were higher when 
phosphate was administered. 

All of the serum bicarbonate levels were low on 
entry (due to selection of patients). At twelve 
hours (Table nm) 46 per cent were below 25 
mEq./L., 50 per cent were normal and 4 per 
cent were elevated. The average lactate intake 
(bicarbonate precursor) was 329 mEq. Urinary 
bicarbonate excretion was not measured but 
would be assumed to be negligible, due to the 
acidosis. 

Blood ketone levels were estimated in seventeen 
patients, with entry levels ranging from 89 to 
225 mg. per cent. At twelve hours the levels 
ranged from 7 to 188 mg. per cent. Figure 4 
shows graphically the entry and twelve-hour 
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Fic. 3. Effect of phosphate * therapy on serum phosphate level in diabetic ketoacidosis. 


blood ketone levels in these patients, divided on 
the basis of sugar administration. The differences 
in rate of fall of the blood ketone levels appear to 
be too small to draw conclusions regarding the 
effectiveness of administration of glucose, fruc- 
tose, or no sugar. 

In twenty-two patients the average twelve- 
hour fluid intake was 4.496 L. and the average 
urine output 1.29 L., with an average retention 
of 3.13 L. or 69.6 per cent of the administered 
fluid. (Data from Figure 2.) 


COMMENTS 


While the overall results showed no definite 
differences in fluid retention with different types 
of fluid (hypotonic, isotonic, hypertonic), a few 
patients did have diuresis with hypotonic fluids. 

The fact that more water than electrolyte is 

* Intake actually expressed as mM. P. 


MARCH, 1958 


required is definitely shown by the fact that the 
hyperosmolarity of the serum which was present 
on entry in 52 per cent of the patients was still 
present after twelve hours of therapy in 46 per 
cent of the patients studied. This tendency to 
hyperosmolarity was increased by the use of 
hypertonic solutions, with the frequent occur- 
rence of hypernatremia and hyperchloremia. An 
additional reason for the use of hypotonic solu- 
tions is the water requirement for the high solute 
load presented to the kidneys prior to and during 
the therapy of diabetic ketoacidosis. Butler [77] 
gives a figure of 3,500 mOsm. for urinary solute 
load in diabetic ketoacidosis. This would mean a 
water requirement of 2,500 cc. for urine water 
alone, at a specific gravity of 1.035 (1,400 
mOsm./L.). 

However, if shock or severe dehydration is 
present we believe that plasma and extracellular 
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Fic. 4. Glucose and fructose therapy * and serum ketone levels in diabetic ketoacidosis. 


volume should be restored rapidly with isotonic 
fluids and, if indicated, dextran, plasma or 
whole blood (if anemia is present). This expan- 
sion of extracellular volume has priority over 
water requirement. Later, a hypotonic solution 
should be used to correct cell water deficits 
and provide water for the high urinary solute 
load, and to prevent occurrence of hyper- 
osmolarity, hypernatremia and hyperchloremia. 

There has been considerable discussion of the 
type of repair fluid for use in the correction of 
the acidosis of diabetic ketosis [77,72]. It has 
been postulated that with use of lactate or 
bicarbonate the serum bicarbonate can be raised 


* Number of grams of glucose or fructose administered 
indicated by circled figure. 


rapidly at a time when the H:CO,; concentra- 
tion and pCO, are low due to hyperpnea, with 
production of a masked alkalosis. Also, it has 
been suggested that saline solution should be 
used for correction of both the extracellular 
fluid deficit and the acidosis | 72]. 

As hyperpnea stops promptly within two to 
three hours of insulin and fluid therapy the 
problem of development of respiratory alkalosis 
rarely is a serious consideration. When simul- 
taneous blood pH and serum bicarbonate level 
determinations were obtained (see Table rv as an 
example) the range of correspondence was good. 
We believe that sodium bicarbonate or 4% molar 
sodium lactate is the treatment of choice for the 
acidosis, as there is a bicarbonate deficit which 
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should be corrected promptly; the acidosis may 
be increasingly detrimental, due to cellular and 
renal losses of electrolyte, particularly potas- 
sium [73]. While the normal kidney can com- 
pensate for a considerable acid load by bicar- 
bonate and ammonia formation, this mechanism 
is strained to the maximum in diabetic keto- 
acidosis. Renal correction of acidosis becomes 
possible only as the ketone load decreases and 
this may require several hours of therapy. Also, 
the renal tubular mechanism that reabsorbs 
sodium and chloride in the ratio present in 
serum does not operate in the face of an acidosis 
to correct fully the imbalance of sodium and 
chloride in the glomerular filtrate which occurs 
when 0.9 per cent saline solution is used. 

A mixture of 44 molar sodium lactate (or 
bicarbonate) and saline solution appears to us 
to give the best results for simultaneously cor- 
recting the acidosis and restoring the extra- 
cellular fluid volume, since this fluid contains not 
only sodium chloride but sodium bicarbonate. 

If qualitative serum and urine acetone levels 
are obtained simultaneously with the serum 
bicarbonate determinations |/4] there is little 
chance of overlooking serious ketosis, as sug- 
gested by Danowski [72], even though serum 
bicarbonate levels may have been raised to 
normal by bicarbonate or lactate administration. 

Our results re-emphasize the point that the 
concentrations of electrolytes in serum do not 
necessarily reflect the total amount present in 
the body [8,72], as many normal or even ele- 
vated serum concentrations were found on 
entry at a time when there was a severe deficit 
of all electrolytes as shown by the balance studies. 

In comparison to Danowski’s results {72} in a 
large series of children with severe diabetic 
ketoacidosis, our patients had far more frequent 
low serum potassium and calcium levels, more 
high serum chloride levels, and fewer low so- 
dium and phosphate levels on entry than his 
patients. 

We believe that decrease in serum concentra- 
tion of the extracellular ions (sodium and chlo- 
ride) before therapy is due primarily to the 
hyperosmolarity of the extracellular fluid, 
because of the high blood sugar levels. High 
entry serum sodium and chloride levels are 
relatively uncommon and can only mean the 
urinary loss of more water than electrolyte. The 
occurrence of high serum chloride levels on 
entry without a corresponding increase in 
serum sodium concentrations may indicate a 
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shift of sodium into the cells for the partial 
replacement of potassium deficits. The occur- 
rence of high serum sodium and chloride levels 
after therapy is usually due to a high intake of 
these ions, in addition to the use of hypertonic 
solutions, particularly of 0.9 per cent saline 
solution. 

The entry serum concentrations of the pri- 
marily intracellular ions, potassium, magnesium 
and phosphate, may be low, high or normal. The 
factors responsible for these differences in serum 
levels are not entirely clear from our studies or 
those of others, but may include rate of tissue 
breakdown, steroid effects, state of renal func- 
tion, effect of acidosis on movement of ions from 
intracellular to extracellular fluid, and competi- 
tive ion exchange in the kidney. 

The problem of the range of deficits of fluid” 
and electrolyte is complicated, as long-term 
studies (several days) are needed to define the 
magnitude of the deficits in intracellular ions. 
The replacement requirements, moreover, will 
vary from patient to patient. 

Table vu gives the result of the balance studies 
in diabetic acidosis reported by others (nineteen 
patients) compared with ours (eight patients). 
Butler’s [77] estimate of loss for severe dehydra- 
tion (10 per cent of body weight) is also included 
in this table. Two groups determined [75,76] 
the retention of electrolytes during the early 
phase of treatment of diabetic ketoacidosis, and 
one or two days thereafter. One group (Nabarro 
et al. [77]) studied the retention of ions during the 
acute phase of insulin and fluid therapy, and for 
eight to twelve days thereafter. Two of the 
studies [78,79] were made during withdrawal of 
insulin for several days. Ours appears to be the 
only balance study in which all the intracellular 
ions (potassium, magnesium, phosphate) were 
given in the repair fluids during the early phase 
of treatment. 

Butler {77} estimated a requirement of 5 to 12 
mEq./Kg. of sodium for correction of 10 per 
cent dehydration. The sodium requirement in 
the balance studies in diabetic ketoacidosis 
showed a range of 5.1 mEq./Kg. to 13.3 mEq./ 
Kg. Our figure of 7.0 mEq./Kg. corresponds 
with the figure of 7.2 mEq./Kg. from the long 
8 plus day balance of Nabarro et al. The figure 
of Danowski and Darrow [75,76] of 10.4 to 13.3 
mEq./Kg. appears high for the average, al- 
though not for the maximum requirement. 

As to the requirement of chloride, the estimate 
of Butler [77] for 10 per cent dehydration was 
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TABLE Vil 
COMPARISON OF ESTIMATED FLUID AND ELECTROLYTE REQUIREMENT IN DIABETIC ACIDOSIS 
| | | 
Bae! | No. of Na Cl HCO: K Me | P HO 
Author Type of Study Patients (mEq./Kg.)  (mEq./Kg.) | (mEq./Kg.) | (mEq./Ke.) | (mEq./Kg.) | (mM/Kg.) | (L./Kg.) 
Martin et al. | Retention during 12 | 7.0 | 4.0 4.7 2.77 0. 1.0f 0.082 
(this study) | hours of therapy of 
diabetic acidosis * 
Nabarro Retention during 7 ‘4 | 5.1 5.0 0 56 0.5 0.087 
et al. [77] therapy of diabetic | ' | 
acidosis and for 8 | | 
to 12 days after 
| acute therapy on | | | 
measured intake | | 
Danowski | during | 10.4 9.5 6 0 
etal. [75] | acute therapy of | 
| diabetic acidosis | 
and up to 34 hours | | 
| after acute therapy | 
Darrow [/6] | Retention during 1 13.3 ) 61 0 114 
acute therapy of 
diabetic acidosis | 
and for 2 days | 
after | 
Atchley Loss during insulin | 2 5.9 2.5 49 ' 0.089 
et al. [78] withdrawal | 
Butler Loss during insulin | 1 5.1 40 5 o 8 i. 
et al. [79] withdrawal | 
Butler * Estimated loss 10 | Estimated | 5-12 40 6.0 0 06-0.1 


per cent dehydra- | 
| tion 


‘ 


* Our figures might well be higher as we divided retention by 70 Ke. and this may not have represented average weight 
Tt This figure is too low for complete repair and only represents amount for acute therapy (see text) 


4 mEq./Kg. The figures in the balance studies in 
diabetic ketoacidosis range from 2.5 to 9.5 
mEq./Kg. Our figure was 4.0 mEq./Kg. The 
figures of Danowski and Darrow again appear 
high, 9.0 and 9.5 mEq./Kg. It is to be noted 
that in many of their patients marked hyper- 
chloremia developed, as it did in the majority 
of our’ patients who received high chloride 
loads. | 

The problem of the requirement of the intra- 
cellular ions is complicated by the loss of nitrogen 
and the loss of electrolyte in excess of nitrogen. 
Butler | 77} estimated the potassium loss in 10 per 
cent dehydration at 6 mEq./Kg. The range of 
requirement from the studies made in diabetic 
ketoacidosis is 5 to 6.1 mEq./Kg. The long-term 
study of Nabarro [77] gave a figure of 5 mEq./ 
Kg. Our figure of 2.7 mEq./Kg. is too low for 
several reasons: the short time period of the 
balance (twelve hours), in addition to the fact 
that 63 per cent of the serum potassium levels 
were low at twelve hours in our series. For the 
first period of correction, however, when con- 
fronted with the problem of giving potassium in 
the face of dehydration, and low urine volume, 
we believe that this amount is adequate for 
prevention of most acute extracellular deficits 
and for partial replacement of cellular stores. 


Complete correction will require several days 
and will occur from dietary intake, as shown in 
the study of Nabarro et al. [77]. 

While we do consider that it is undoubtedly 
hazardous to administer potassium early, in the 
face of elevated serum potassium levels or poor 
renal function, it may be equally hazardous to 
delay the early administration of potassium in 
patients with serum levels under 4 mEq./L. For 
this reason we believe that it is essential to deter- 
mine the serum potassium level on entry, since 
15 per cent to 18 per cent of the patients will 
then have a level below normal. 

As far as phosphate therapy is concerned, 
there is no unanimity of opinion as to whether 
or not it should be used, although all agree that 
there is a marked fall in the serum phosphate 
level during intensive fluid and insulin adminis- 
tration. Guest [20] and Franks et al. [27] noted 
some improvement in the state of consciousness 
with administration of phosphate. We noted no 
change in the clinical state of our patients who 
were treated with phosphate. 

Only a few authors have studied the phosphate 
balance. (Table vi.) The urinary loss per 
twenty-four hours in the three patients in whom 
insulin was withdrawn ranged from 24 to 53 
mM. phosphorus. One patient who was given 
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TABLE vill 
PHOSPHORUS THERAPY IN DIABETIC ACIDOsIS* 
Time of P Intake | P Intake % Intake % Intake 
roup Type of Study Period | pirients | (averane (range, (average (range, Retained | Retained anaes 
(days) 24 hr.) mM) the (average) | (range) 
mM hr.) | mM/24 hr.) (mM/Kg.) 
Martin et al. Retention during 0.5 4 44 11-86 15 3-59 72 29-95 1.0 
(this study) acute treatment 
of diabetic | 
ketoacidosis 
Pranks Retention during 1 Pe 64 42-80 25 13-46 61 44-85 0.9 
et al. [27] acute treatment 
of diabetic 
ketoacidoms 
Atchley Insulin withdrawal’ 2 37.57 33 8-41 38.5? §2.7-24.3 
et al. [74) 4 
Butler Insulin withdrawal; 3.4 1 0 1.3 
et al. [79] 
Nabarro Retention during 1 7 . 0-12 35 ks 
et al. [77] acute treatment 
of diabetic 
acidosis 
Retention after 8-12 0.5 
acute treatment retention 
37 mM. P 
Darrow Retention during | 24 1 0 7.5 
et al. (76) acute treatment | 
of diabetic 
acidosis | | 
Retention after 2 | Retention | ......... 5.6§ 
acute treatment 148.5 
| | mM. P§ | | 


* Figures from other authors converted to mM. P for comparison with our studies. 


¢ Last day of insulin withdrawal. 


3 Urinary P for 3.4 day period equals 94.8 mM.,; this gives 28.5 mM./24 hr. 


§ Patient on a very high P intake from milk diet; stools not analyzed. 


no phosphate while receiving the acute therapy 
of diabetic acidosis had a_ twenty-four-hour 
urinary loss of 7.5 mM P. The seven patients 
of Nabarro |/7} who were given no phosphate 
or small amounts (0 to 12 mM P) during the 
acute phase of therapy had a twenty-four-hour 
urinary loss of 14 to 67 mM P; average 35 
mM. P. In our series, patient B. V. O. who 
received no phosphate had a urinary output of 
10.42 mM. P in six hours. In the only other 
study besides ours in which phosphate was given 
in large amounts (Franks et al. [27]) 42 to 89 
mM P (average 64 mM) was given in twenty- 
four hours, with a urinary output of 13 to 46 
mM P and retention of 44 to 85 per cent of the 
amount given. This would indicate a require- 
ment of 0.9 mM P/Kg. However, the serum 
phosphate levels were not maintained in this 
series after infusion was stopped. In Nabarro’s 
[77] long-term balance study there was a mean 
retention for the eight- to twelve day period of 
37 mM P, or a requirement of 0.5 mM/Kg. 
Our patients (Table v) had an average retention 
of 72 per cent of the administered phosphate 
(11 to 86 mM. P administered), with urinary 
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loss during twelve hours ranging from 3 to 59 
mM P. This gives an estimated requirement of 
1 mM P/Kg. 

We noted no complications, such as the de- 
velopment of tetany, in giving phosphates but be- 
lieve that if administered early (zero to two hours) 
when the serum level may be high there will be 
increased renal clearance and loss of a large 
amount of the administered phosphorus in the 
urine. (Table tv.) The fall in serum phosphate 
level with insulin therapy appears to be due to 
the shift of a large amount of phosphorus into the 
cells, and some urinary loss in addition. (Tables 
tv and v1.) 

As to magnesium, Butler [79] estimated a 
requirement of 56 mEq. or 0.8 mEq./Kg. in one 
patient, during 3.4 days of insulin withdrawal 
and an additional day of vomiting and thirsting. 
Nabarro [77] in his Jong balance study reported 
a mean retention from the diet of 39 mEq. 
magnesium, or 0.56 mEq./Kg. assuming 70 Kg. 
per patient. The serum magnesium levels did 
not fall below the normal range in the four pa- 
tients in our series given 6 mEq. of magnesium or 
more. (Table v.) We conclude, therefore, that 
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in the early phase of therapy 0.2 mEq./Kg. 
would be sufhcient. 

These studies show, as do previous reports 
from our laboratory [22], that the serum mag- 
nesium falls because of urinary loss and a shift 
into the cells. In patients B. V. O. and E. M. 
(Table v) the fall in serum magnesium was due 
primarily to an intracellular shift, as the urinary 
loss was small (2 and 1 mEq. respectively). In 
patient R. W. (Table v) the urinary loss alone 
(3.5 mEq.) could explain the fall in serum 
concentration. 

As shown in Table vm there was good cor- 
respondence in all the studies in respect to water 
requirement, .06 to 0.114 L/Kg. 

As a result of this study, and the results 
recorded by others, we use the following solu- 
tions in sequence in the treatment of diabetic 
acidosis and ketosis: 2 to 3 L. of a combination of 
34 L. 4¢ molar sodium lactate and 4 L. 0.9 per 
cent saline solution, followed by 3 to 4 L. of 
modified Butler’s solution. Unless there is a 
high serum potassium level or severe oliguria, 
potassium chloride (1 to 2 gm.) is added to the 
second liter of intravenous fluid, and 1 ampoule 
of special potassium phosphate solution is added 
to the third, fourth and fifth liters of intravenous 
fluid. More potassium is administered if there is 
evidence of a serious deficit. 

Shock, while not discussed specifically in this 
paper, is treated vigorously with dextran, plasma 
or whole blood (if anemia is present) and vaso- 
pressors (levophed®). 


SUMMARY 


A detailed summary is given of the fluid and 
electrolyte therapy used in the early phases of 
treatment of twenty-nine episodes of severe 
diabetic ketoacidosis. 

There was little difference in the volume of 
fluid retained when repair solutions of varying 
tonicity were employed. Hyperosmolarity of the 
serum was present in 52 per cent of the patients 
on entry and in 46 per cent of the patients after 
twelve hours of therapy. When hypertonic fluids 
were used there was more hyperosmolarity of the 
serum after twelve hours of therapy than with 
hypotonic fluids, and hypernatremia and hyper- 
chloremia were frequently noted. This indicates 
the need for use chiefly of hypotonic fluids. 

Factors influencing the correction of acidosis 
included the lactate/chloride ratio of the intra- 
venous fluids used (considered to be best at a 
ratio over 1.0), the entry serum chloride level, 
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the use of hypertonic solutions, large loads of 
0.9 per cent sodium chloride and the rate of fall 
of the blood ketone levels. 

Detailed balance studies in eight patients cor- 
related well with previous estimates of 5 to 10 per 
cent body fluid loss and with balances of certain 
ions. 

From these studies we believe that the average 
range of intake in the early, more acute phases’ 
of treatment should be 70 to 120 ml. HeO/Kg.; 
7 to 10 mEq. Na/Kg.; 5 mEq. Cl/Kg.; 2 to 3 
mEq. K/Kg.; 0.2 mEq. Mg/Kg.; 1 mM P) 
Kg.; and 4 to 5 mEq. HCO,;/Kg. 


Acknowledgment: Appreciation is expressed to 
Dr. Rodney Valentine who collected the blood 
and urine samples, and to Dr. John Mehl, 
Professor of Biochemistry, for assistance with 
the chemical problems. 
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Progression of Amaurotic Family Idiocy As 
Reflected by Serum and Cerebrospinal 
Fluid Changes’ 


STANLEY M. ARONSON, M.D., ABRAHAM SAIFER, M.S., ABRAM KANOF, M.D. and 
BruNo W. VOLK, M.D., WITH THE TECHNICAL ASSISTANCE OF GUTA PERLE, B.S. 


Brooklyn, New York 


NFANTILE amaurotic family idiocy (Tay- 

Sachs disease) has been classically considered 
a degenerative disease restricted to the neurec- 
todermal elements of the body {/,2]. The 
ubiquitous involvement of ganglion cells in this 
disorder is in striking contrast to the normal 
morphology of other somatic tissues [3]. This 
histologic characteristic (i.e., circumscribed 
implication of ganglion cells to the exclusion of 
all other cell types), in association with certain 
clinical features (i.e., onset within the first 
year of life, macular involvement, heredo- 
familial tendency), forms the acknowledged 
definition of the disease. These characteristics, 
in addition, partially serve to _ distinguish 
amaurotic family idiocy (AFI) from _ other 
varieties of lipoidosis | 4]. 

If the accumulated pathologic observations 
indicating a localization confined to ganglionic 
tissue are accepted, a diagnostically serologic 
reflection of this degenerative disorder would 
probably not be anticipated. Repeated observa- 
tions of the lipid constituents of blood, in fact, 
have consistently failed to disclose any ab- 
normalities [5]. In a related disorder, Niemann- 
Pick’s disease, the dystrophic intracellular 
storage phenomenon is demonstrable in reticulo- 
endothelial cells throughout the body (in addi- 
tion to the ganglionic disorder), and chemical 
analysis of serum repeatedly showed an eleva- 
tion of total lipids and a depression of serum 
phospholipids [4,6]. It must be borne in mind, 
however, that the previous efforts directed 
toward establishing some consistent serum ab- 
normality in AFI have been confined to the lipid 
components and inorganic elements of blood. 


The absence of any demonstrable change in these 
serum substances, therefore, has been implicity 
incorporated into a broader characterization of 
AFT. 

During the course of a comprehensive survey 
of fifty-five cases of AFI concerned principally 
with morphologic and genetic aspects [7,8], 
a wide range of biochemical tests were made in 
the blood and cerebrospinal fluid derived from 
the nineteen most recent cases in this series. It 
should be emphasized, however, that this was 
not a random application of tests but rather a 
choice of procedures based upon known or 
postulated characteristics of this particular 
disorder. Particular efforts were made to evalu- 
ate the blood levels of a number of enzymes, 
protein fractions and protein-linked substances. 

The present report is concerned with a sum- 
mation of these biochemical studies and the 
possible relationship of the attendant abnormali- 
ties to the evolution of the disease. 


SELECTION OF PATIENTS 


Nineteen consecutive patients with AFI were 
studied by the laboratory procedures to be out- 
lined. In many instances the tests were per- 
formed serially at monthly intervals for periods 
ranging up to two and one-half years. In addi- 
tion, one case of Niemann-Pick’s disease as well 
as one case of diffuse sclerosis were included in 
the studies for purposes of comparing other 
neurologic disturbances of similar pathophysio- 
logic dimensions. The control results were based 
upon equivalent studies performed upon chil- 
dren of comparable age suffering from a wide 
range of unrelated neurologic disorders includ- 


* From the Isaac Albert Research Institute of the Jewish Chronic Disease Hospital, Brooklyn, New York. This 
work was carried out under the auspices of The National Tay-Sachs Association. 
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ing meningocele, convalescent poliomyelitis, 
hydrocephalus, infantile epilepsy and numerous 
other disorders. 

The children comprising this study were often 
hospitalized shortly after establishment of the 
diagnosis and remained under clinical observa- 
tion until death ensued. Autopsies were per- 
formed on almost all the patients succumbing 
from AFI. The clinical diagnosis, in these nine- 
teen cases, was based upon the collective presen- 
tation of apathy, progressing weakness, devel- 
oping amaurosis, arrested development, the 
emergence of abnormal movements, hyper- 
sensitivity to sound, and macular degeneration. 
The children were all of Jewish extraction. The 
pertinent clinical data concerning these nineteen 
cases are outlined in Table 1. 

In addition to the classically described mor- 
phologic alterations assigned to this disorder, a 
number of pathologic changes which were 
constantly seen were observed, which permitted 
a rational evolutionary subdivision of the dis- 
ease {7|. Rather than assigning a constant 
pathologic picture to the disease it was found 
more appropriate to consider the disorder in 
three phases, each with a typical neuropatho- 
logic substrate (to be outlined). Phase 1 was 
designated as that span beginning with the 
initiation of symptoms (generally about the 
fifth month of life) to the fourteenth month of 
recognized illness. Phase 1 included the span 
between the fifteenth month of illness to the 
twenty-fourth month. Phase m covered the 
clinical aspects beyond twenty-four months of 
clinically determined disease. Although these 
chronologic subdivisions were initially based 
upon pathologic criteria, the classification in 
subsequent studies was shown to be a point of 
considerable convenience when applied to the 
clinical and radiographic aspects of the dis- 
ease [8]. 


CRITERIA AND CHARACTERISTICS OF DISEASE 
PHASES 


Phase I (Zero to Fourteen Months of Illness). In 
many cases it was difficult to establish precisely 
the clinical onset of the disorder. Often there 
were vague prodromas which, while not inti- 
mately associated with AFI, may have repre- 
sented the clinical beginning of the disease. 
In all cases, however, the first unqualified 
clinical abnormality (e.g., failure to recognize 
formerly familiar objects, loss of ability to per- 
form certain motor acts, etc.) was accepted as 
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the commencement of AFI. In the subsequent 
six months the fully established clinical picture 
emerged completely. Blindness was uniformly 
found (in association with retinal cherry-red 
spots) as well as progressive weakness and 
evidence of further neurologic incapacity. The 


TABLE 
DATA ON NINETEEN PATIENTS WITH AMAUROTIC FAMILY 
IDIOCY, ONE PATIENT WITH NIEMANN-PICK’S DISEASE 
AND ONE PATIENT WITH DIFFUSE SCLEROSIS 


| 
Age at 


| sex | vation Autopsy Diagnosis 
No. Symp- won 
toms (mo.) (mo.) 
(mo.) 
6 | F 7 Be 4 AFI 
7 | F 4 Yes | AFI 
8 | M 5 AFI 
9 | F 5 | Yes AFI 
10 F 6 | Yes AFI 
11 | F 7 sit | 28t | Alive | AFI 
ist | 17% | Alive | AFI 
14¢ | Alive | AFI 
18 | M ot | Alive | AFI 
1st | Alive | AFI 
«4 44 3 AFI 
6 | 10t 6¢ | Alive | AFI 
| Disease 
65 | F Alive | Diffuse sclerosis 


75 


* Figures indicate series numbers used during overall studies on AFI. 
t Figures as of May, 1957. 
t Amaurotic family idiocy. 


afflicted child showed little spontaneous move- 
ment except during convulsive seizures. No 
demonstrable muscle atrophy was observed. 
Nutrition was generally adequate although 
gavage was occasionally necessary. There was 
obvious retardation of growth. Weekly occipito- 
mental and chest circumstances as well as body 
weights were recorded in all cases. There was a 
retardation of these parameters when compared 
with normal data. Pneumoencephalograms were 
performed at frequent intervals and showed mild 
dilatation of the lateral ventricles with radio- 
graphic evidence of cerebral atrophy as exempli- 
fied by focally increased amounts of air in the 
supratentorial subarachnoid space. Ventricu- 
lar dilatation was also observed in the third 
and fourth ventricles. The basilar cisterns were 
unusually widened. 

In most children succumbing within fourteen 
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Fic. 1. Coronal section of brain (Case 8) showing massive 
central demyelination and cystic degeneration of bi- 
lateral parietal white matter. 


months of the onset of disease, the necropsy 
findings were characteristic. The brain was 
diffusely atrophic and weighed less than normal. 
The cerebral gyri were narrowed and the sulci 
widened. The atrophy was also visibly apparent 
in the infratentorial structures. Histologic sec- 
tions disclosed typically ballooned neurons dis- 
tended with a poorly staining granular sub- 
stance. The cytoplasmic chromatin bodies 
were diminished. All levels of the neuraxis 
showed some degree of typical histologic change 
in addition to a mild reactive gliosis. Cell loss, as 
distinguished from cell involvement, was rela- 
tively minimal in most segments of the nervous 
system. A slight but diffuse demyelination was 
also noted throughout. 

Phase II (Fifteen to Twenty-four Months of Iliness). 
Recorded clinical observations during this aspect 
of the disorder showed only a quantitative 
increase of many of the characteristic symptoms 
of Phase 1. Generally the afflicted child became 
increasingly hypotonic and lapsed into a vegeta- 
tive existence. Some displayed episodes of 
convulsive seizure, occasionally followed by 
brief periods of decerebrate rigidity. The char- 
acteristic opisthotonus rarely lasted more than a 
few moments. Hyperacusis was still a prominent 
feature. Tendon reflexes were diminished but 
demonstrable and pupils still sluggishly re- 
sponded to light stimulation. A mild muscle 
atrophy became evident. The cephalometric 
observations now showed a surprising reversal. 
About eighteen to twenty-one months after the 
onset of pertinent symptoms the head circum- 


ference measurements inordinantly increased to 
about 20 per cent above normal. Simultaneous 
observations of chest circumference, height and 
weight, however, showed no equivalent change 
but rather a continuing retardation in accord- 
ance with the previous patterns noted in Phase 1. 
Pneumoencephalograms also showed a reversal 
of the findings characteristic of Phase 1. The 
previously demonstrable supratentorial ven- 
tricular dilatation was now less pronounced or 
absent and the cerebral mantle atrophy was no 
longer visualized. In contrast, however, the 
roentgenographically demonstrable cerebellar 
and brain stem atrophy persisted. Autopsies 
performed during Phase u corroborated the 
reversal in the pattern of cerebral atrophy 
exemplary of Phase 1. Brain weights were within 
normal! limits or in some instances greater than 
normal. In most cases the brain was of essen- 
tially normal contour and proportion. The 
ventricles were no longer dilated. A dispropor- 
tionate atrophy of the cerebellum and _ brain 
stem was now seen. Histologic studies of the 
neuraxis showed a widespread storage disorder 
of the ganglion cells, similar to that seen in 
Phase 1. In addition, numerous cells, particularly 
those of the cerebral gray matter, had disap- 
peared and a vicarious gliosis was now evident. 
A more widespread demyelination was observed 
in the subjacent white matter of the cerebral 
hemispheres with a moderate degree of astrocytic 
and microglial response. 

Phase III (More than Twenty-four Months of 
Clinical Illness). Clinical observations of this 
period recorded a continuation of those aspects 
previously noted. The afflicted child was totally 
immobile and prone to recurrent pneumonic 
infection. Careful nursing management was 
required to prolong existence. Muscle atrophy of 
all limbs coexistent with a total hypotonicity was 
characteristic. Tendon areflexia and a general 
lack of responsiveness to any form of visual 
or tactile stimulation was present. Progressive 
megalencephaly, first noted toward the latter 
aspects of Phase 1, became more noticeable and 
was even more conspicuous when compared with 
retarded development of the other somatic 
parameters. Chest circumference ceased to in- 
crease and not infrequently diminished in the 
ensuing months. Body weight often remained 
stationary as inanition progressed. Serial pneu- 
moencephalography confirmed the fact that the 
head enlargement was not the consequence of 
hydrocephalic dilatation but rather the result of 
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an actual expansion of cerebral tissue volume. 
The bulk of brain tissue was significantly in- 
creased as determined by the width of radio- 
opacity between the compressed lateral ven- 
tricular borders and the calvarium. In contrast, 
the infratentorial atrophy persisted through 
Phase m1 and the increased amount of air in the 
basilar cisterns continued. The augmented 
cerebral volume resulted in widely separated 
fontanelles. Autopsies performed during this 
period of the disease disclosed an unusual 
degree of cerebral enlargement. Brain weights 
were considerably above normal, in one instance 
as much as 1,800 gm. (normal 980 gm.). The 
external appearance of the intracranial contents 
was characteristic. The cerebral hemispheres 
were markedly increased in volume and the 
surface convolutions were broadened and 
flattened, giving the appearance of a significant 
expansion of the mantle tissues. On the other 
hand, the infratentorial structures (cerebellum 
and brain stem) were markedly atrophic and 
often appeared to be mere appendages of the 
huge cerebral hemispheres. Consecutive cross 
sections of the incremented cerebrum showed 
widespread demyelination of the deeper cerebral 
white matter, with focal areas of cystic degenera- 
tion, edema and gliosis. (Fig. 1.) Histologic 
preparations confirmed the continuation of the 


dystrophic storage process and in addition . 


showed widespread disintegration of the af- 
flicted neurons. The white matter was the site of 
intensive demyelination. The apparently con- 
tradictory phenomenon of late megalencephaly 
in the presence of a progressive disease char- 
acterized by neuronal degeneration was clarified 
by the demonstration of an unusually reactive 
glial over-compensation and hyperplasia within 
the cerebral white matter, believed to be stimu- 
lated by the liberation of abnormal lipoid 
substances from the lysed neurons. 


METHODS 


Serum aldolase determinations were per- 
formed by the method of Sibley and Lehninger 
(9} and serum glutamic-oxalacetic acid trans- 
aminase (GO-T) by the procedure of Karmen, 
Wroblewski and La Due [70]. Determination of 
GO.-T in the cerebrospinal fluid was carried out 
by essentially similar technics with slight modifi- 
cation because of the dilution of the enzyme [77]. 
The technic employed for moving boundary 
electrophoresis of serum proteins has been 
described in previous publications from this 
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laboratory [72,73]. Total proteins were deter- 
mined by a biuret procedure [74] using standards 
checked with the micro-Kjeldahl method. The 
neuraminic acid content of serum and its albu- 
min/globulin distribution were analyzed by the 
recently developed procedure of Saifer and 
Gerstenfeld {75} which is based on the 9 l- 
amine reaction [ 76). 


RESULTS 


Serum Aldolase. One hundred and _ twelve 
separate determinations were performed in 
fourteen patients with AFI. (Table uu.) In most 
instances the tests were performed at monthly 
intervals. During the first phase of the disease 
the serum level of this enzyme was within nor- 
mal limits (7.14 + 0.73 units/cc.) or only 
minimally elevated, averaging 10.34 units/cc. 
Commencing approximately in the ninth month 
of determined illness, the serum aldolase levels 
became significantly increased, reaching a high 
point approximately in the fifteenth month of 
disease. (Figs. 2 and 4.) In only one child did the 
serum aldolase fail to rise above 10 units/cc. 
during Phase nm of the illness. In those children 
surviving beyond the sixteenth month of deter- 
mined sickness the serum enzyme levels almost 
invariably fell to the normal range, usually by 
the twenty-first month of illness. In one child 
there was a second rise of the serum aldolase 
coincident with terminal infection. A roughly 
comparable curve was noted in the results of one 
case of Niemann-Pick’s disease studied serially, 
the high point however being of greater magni- 
tude than in AFI. (Fig. 5.) Monthly aldolase 
determination in one case of diffuse sclerosis 
(Fig. 6) showed no significant or prolonged 
elevations of the serum level of this enzyme. 
(Table m.) 

Serum GO-Transaminase. Ninety-two separate 
determinations of this enzyme were performed 
in the serum of thirteen patients with AFI, 
generally at monthly intervals. (Fig. 3.) During 
Phase 1 of the disease there was a marked eleva- 
tion, averaging 113.8 units/cc. (normal 22.1 + 
6.7 units/cc.). In the succeeding months of the 
disease a wide fluctuation was noted, but in 
all instances the values were well above the 
upper limits of normal. When the results were 
cumulatively studied a slow regression of the 
marked hypertransaminasemia characteristic 
of Phase 1 was noted. During Phase m of the 
illness an average level of 82.6 units/cc. was 
recorded. The individual findings in one typical 
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Fic. 2. Serial serum aldolase levels of fourteen patients with AFI. The shaded 


area represents the normal range. 


case of AFI for both aldolase and SGO-trans- 
aminase are shown in Figure 4. There is no ap- 
parent parallelism between the two enzymes. A 
marked elevation of serum GO-T was also seen 
in the case of Niemann-Pick’s disease studied. 
(Fig. 5.) In one determination a level of 600 
units/cc. was noted. The serum GO-T levels in a 
case of diffuse sclerosis were normal for the 


majority of the clinical course (Fig. 6) except for 
a mild elevation during a period of four months 
coinciding with a sustained hip fracture. 

Serum Protein Electrophoresis. The accumulated 
results are shown in Tables u and m. Thirty- 
three electrophoretic patterns were examined in 
nineteen cases of AFI. A mild depression of the 
total protein was evident, generally becoming 


TABLE 
COMPILATION OF BIOCHEMICAL DATA IN RELATION TO PHASE OF AMAUROTIC FAMILY IDIOCY 


Total 
No. of No. of 
Patients 


nations 


Serum aldolase (units/cc.)......... | 

Serum GO-transaminase (units/cc.) . | 

Serum protein (gm. %): | 
Total proteins 


Alpha-1 globulin 
Alpha-2 globulin 
Gamma globulin 

Serum neuraminic acid: 
Total serum neuraminic acid 


Globulin neuraminic acid (%) 
Total neuraminic acid 
Globulin neuraminic acid (%) 


Globulin | 
| | 


Determi- 


113.8 +4.6 |93.8 +4 


10.34+0.60* 13.02 +0. 


6.63 +0. 
3.70+0. 
0.50+0. 
1.00 +0. 
0.85+0. 
0 0.99+0.04 


88.8 +3.3 | 87. 77.4 £1.2 


8 |83.4 +3.0 


62.9 +2.6 54.7 +0.71 


1.82+0.06) 1.92 £0.12) 1.46+0.03 


23.9 146.86 


1.94+0.13 


* Mean + Standard Error (S.E.). 


t No S.E. determined since the number of tests were less than 7. 
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| 
18 
| 
24 
] 
64 
| 
| 
Test Phase |! Phase u Phasem Normal 
| | | 
14 112 | | 10 48 + 1.37) 7.14+0.73 
13 92 2 82.6 122.1 +6.7 
19 33 | 6.94+0.07 
Albumin. 19 33 3.75+0.08 
19 33 | 0.51+0.02 
19 33 0.96 +0.05 
19 33 | 1.05+0.03 
19 33 | 0.65+0.06 
| 


Amaurotic Family Idiocy—Aronson et al. 


395 


160 

F 100- 4 

3 80 - | 

on) 
40- 


MONTHS OF DETERMINED DISEASE 


Fic. 3. Serial serum GO-transaminase levels of thirteen patients with AFI. 
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Fic. 4. Comparison of serial serum aldolase and serum GO-transaminase levels in a patient with AFI. 


more pronounced as the disease proceeded. 
There was no significant variation in the deter- 
mined data from phase to phase, however. The 
alpha-1 globulins were within normal limits but 
the alpha-2 globulin fractions were almost 
invariably elevated to a significant degree. The 
beta globulins were mildly depressed in the 
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latter phase of the disease. The gamma globulin 
component of serum protein was uniformly 
depressed throughout the entire course of the 
illness. A single serum protein electrophoresis 
from the case of Niemann-Pick’s disease dis- 
closed moderate elevations of the alpha-1l, 
alpha-2 and beta globulin fractions but no 
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Fic. 5. Comparison of serial serum aldolase and serum GO-transaminase levels in 
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TABLE I! 
BIOCHEMICAL FINDINGS IN CASE OF NIEMANN-PICK’S DISEASE AND CASE OF DIFFUSE SCLEROSIS 


| Niemann-Pick’s Disease | Diffuse Sclerosis | 
| | | 
| rmal 
of No. of | 
Deter- Findings Deter- Findings 
_ minations | minations 
Serum aldolase 19.65+ 5.1%) 13 | 8.25+0.57| 7.14+0.73 
Serum GO-transaminase (units/ce.)....... s 265.9 +61.3 13 40.4 +4.4 | 22.1 +6.7 
Serum Protein (gm. %): | 
| 3.05 | 4.33 4.23+0.08 
1 0.65 | 1 | 0.42 0.47+0.02 
Alpha-2 globulin... .. 1 0.83 | | 0.97 0.65+0.02 
Gamma globulin... . 0.84 | 1 1.20 0.99 +0.04 
Serum Neuraminic Acid: | 
Total serum neuraminic acid (mg. %). .. 2 —669.5 12 | 09.9 +2.9 | 77.4 £1.2 
Globulin neuraminic acid (% ) 
Total neuraminic acid... . 2 | 54.5 12 67.3 23:3 54.7 +0.71 
Globulin neuraminic acid (%) | 


| 


*Mean + Standard Error (S.E.). 


t No S.E. determined since the number of tests were less than 7. 


disturbance of the gamma globulin content. 
The alpha-2 and beta globulin components in 
the patient with diffuse sclerosis were also 
elevated, the gamma globulin being normal. 
Serum Neuraminic Acid. Forty-nine  deter- 
minations of serum neuraminic acid, as well as 
the albumin and globulin distribution of this 
substance, were obtained in seventeen patients 
with AFI. The total serum neuraminic acid was 
elevated to an average range of 83.4 to 88.8 mg. 
per cent and showed no significant variation 
during the evolution of the disease (normal, 
77.4 mg. percent). Aratio of globulin neuraminic 
acid /total neuraminic acid (GN/TN) showed a 
more constant deviation from normal, averaging 
approximately 61.3 to 63.6 per cent for the cases 
of AFI as contrasted to 54.7 per cent for normal 
subjects of this age. Still another ratio formed 
by globulin neuraminic acid/globulin proteins 
(GN/GP) was also significantly different in the 
cases of AFI, averaging 1.82 to 1.94 as contrasted 
to 1.46 per cent in cases of normal individuals. 
Only two serum neuraminic acid determinations 
were performed in the case of Niemann-Pick’s 
disease. The total neuraminic acid averaged 
68.3 mg. per cent. The GN/TN ratio was also 
within normal limits but in one determination, 
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the GN/GP ratio was markedly elevated while 
the other was normal. (Table m1.) 

Cerebrospinal Fluid GO-T Levels. The GO- 
transaminase levels in fifteen children with 
neurologic disorders (e.g., meningomyelocele, 
epilepsy, cerebral palsy, etc.) averaged 13.3 
units/cc. In contrast, six children with AFI who 
were submitted to the same procedure gave an 
average of 44.0 units/cc. The cerebrospinal 
fluid GO-T in the one case of Niemann-Pick’s 
disease was also markedly elevated (41 units/cc.) 
but in the case of diffuse sclerosis it was below 
normal limits (8 units/cc.). 


COMMENTS 


The selective ganglionic disturbance typifying 
AFI has been repeatedly substantiated by 
histologic technics in the seven decades since 
Sachs’ original pathologic description of the 
disorder [7]. Literally scores of publications have 
commented briefly upon the normal structure of 
somatic tissues and the lack of any attendant 
clinical evidence indicating an underlying or 
independent non-neurologic disorder. With con- 
siderable justification, therefore, the concept of 
selective affection of certain ectodermal elements 
has arisen and the illness has sometimes been 
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designated a “blastomeric disease’ [2]. The 
very lack of extracerebral abnormality is 
presently accepted as a necessary Component 
feature of the diagnosis. But while the funda- 
mental disease process may conditionally be 
conceived of as structurally restricted to gangli- 
onic elements, secondary consequences stem- 
ming from such a cellular disorder may be 
envisaged. 

In accordance with other heredodegenerative 
diseases of the central nervous system, AFI shows 
some segmental selectivity within the nervous 
tissues | 2]. Thus, while all neurons are implicated 
to some measure, those cells subserving a motor 
function are affected to a greater degree. Histo- 
logic preparations of spinal cord cross sections, 
for example, show more pronounced degenera- 
tion of the anterior horn cells than of the other 
(lateral or posterior) nuclear groups. Similarly, 
motor cranial nerve nuclei are more severely 
implicated than the sensory nuclei [7]. The 
diffuse lower motor neuron involvement is 
initially appreciated as paresis, and ultimately 
as paralysis and muscle atrophy: expressed 
metabolically, as the heightened liberation into 
the blood stream of many of the intracellular 
enzymes contained within skeletal muscle. It 
has been shown clinically and experimentally 
that neuromuscular disability, particularly when 
consequent to progressive involvement of an- 
terior horn cells (e.g., progressive spinal atrophy, 
amyotonia congenita), is associated with serum 
elevation of the enzyme fructoaldolase [77,78]. 
In contrast, muscle atrophy caused by disuse or 
inanition, such as would be anticipated in 
severe neurologic disease without ganglionic 
involvement (e.g., diffuse sclerosis), is not 
associated with any consistent deviation of the 
serum aldolase. In thirteen of the fourteen pa- 
tients with AFI examined serially by this 
procedure, a significant elevation was demon- 
strable. When there was opportunity for aldolase 
determinations from the commencement of the 
disease to its termination, a typical pattern 
became evident. During the initial months of 
the disease, the serum aldolase levels were 
normal. Toward the end of Phase 1 of the illness 
the serum aldolase was elevated, generally to 
levels of about 15 units/cc. The elevation gen- 
erally persisted for periods of three to twelve 
months and almost invariably reverted to 
normal levels during Phase mm of the disease. 
The hyperaldolasemia coincided with the 
clinical appearance of skeletal muscle atrophy. 
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The aldolase curves from cases of AFI were 
graphically similar to those obtained in experi- 
mental animals in which a major motor nerve 
was severed (i.e., a delayed elevation and even- 
tual reversion to normal values) [/7]. In one case 
of Niemann-Pick’s disease studied the aldolase 
was also significantly above normal. In other 
infantile non-ganglionic neurologic disorders, 
including one case of far-advanced diffuse 
sclerosis, the serum aldolase remained normal 
despite evident muscular atrophy. 

Serum GO-T, an enzyme related to the intra- 
cellular synthesis of glutamic and oxalacetic 
acids, is widely distributed in tissues and par- 
ticularly in cardiac musculature. Tissue damage, 
including myocardial necrosis secondary to 
coronary artery occlusion, therefore results in 
liberation of this enzyme into serum with subse- 
quent hypertransaminasemia. Hepatic tissues 
are similarly characterized by significant con- 
centrations of GO-T, hence hepatic necrosis is 
reflected by a serum increase of the enzyme | 79]. 
Three points stand out concerning the relation- 
ship of elevated serum GO-T and tissue necrosis: 
(a) The tissue undergoing necrosis must contain 
a high enzymatic content (e.g., myocardium, 
liver) to permit a measurable release of the 
GO-T into the serum. (b) A_ hypertrans- 
aminasemia without further biochemical or 
clinical information can therefore only be con- 
strued as a non-specific indicator of tissue de- 
generation. (c) Serum elevation of GO-T is 
approximately proportional to the duration of 
active necrosis of the appropriate tissues. Thus, 
for example, the enzyme elevation following 
myocardial infarction may persist for only three 
to eight days and then revert to normal, indi- 
cating that the affected tissues have been ex- 
hausted of enzymatic content. A subsequent rise 
in the absence of other pathologic changes 
would therefore point to a new myocardial insult 
or further topographic progression of the first 
lesion. 

The hypertransaminasemia associated with all 
the cases of AFI presently reported may be 
interpreted, therefore, as indicating active 
necrosis of neural tissues, since no myocardial or 
hepatic degeneration is evident. To reinforce 
this contention, the normal brain has been 
shown to contain a high concentration of the 
enzyme. In all previously recorded examples of 
elevated serum GO-T, however, there was’ an 
impermanent elevation. The prolonged hyper- 
transaminasemia in AFI would indicate con- 
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tinuing tissue degradation, in accordance with 
the progressive nature of the disease. While 
hypertransaminasemia is by no means pathog- 
nomonic of any tissue localization or diagnosis, 
its occurrence should be accorded a different 
interpretation when seen in an infant. An eleva- 
tion persisting for months in a baby would also 
be suggestive of a disease characterized by 
continuing tissue degeneration, and in the 
absence of hepatic dysfunction, likely to be of 
cerebral origin. Application of this procedure to 
a wide range of other pediatric neurologic 
diseases has uniformly failed to disclose any 
instance of prolonged hypertransaminasemia. A 
protracted elevation of serum GO-T in an in- 
fant, therefore, can probably be equated with 
the diagnosis of AFI or Niemann-Pick’s disease, 
a related disorder. 

Since both muscle and brain contain the 
enzymes aldolase and GO-T, it might seem 
arbitrary to attribute the hyperaldolasemia to 
neuromuscular atrophy and the hypertrans- 
aminasemia to cerebral necrosis. The aldolase 
level of brain tissue is far lower than in striated 
musculature [20], hence the quantitative aldol- 
ase liberation resulting from degeneration of the 
former tissues would be relatively inappreciable. 
The normal serum aldolase values of Phase m 
of AFI, a period of extensive grey matter de- 
generation, offers additional indication that 
brain damage alone does not result in a hyper- 
aldolasemia. Further, the normal aldolase levels 
in the early aspects of Phase 1 of the disease, the 
elevation extending through Phase u, and the 
depression to normal levels in Phase m1 are in 
approximate correlation with the development 
of secondary muscular atrophy. The serum 
GO.-T is constantly elevated through all phases 
of the disorder, showing a slightly greater eleva- 
tion in Phase 1, and bears no correspondence to 
the attendant muscular atrophy. In contrast to 
aldolase which sensitively responds to myelo- 
pathic muscle atrophy, serum GO-T has been 
shown to be normal in cases of muscular atrophy 
caused by anterior horn cell disease. 

The marked elevation of GO-T in the cerebro- 
spinal fluid noted in six cases of AFI also would 
indicate that continuing intracranial tissue 
degeneration is the source of the liberated 
enzyme. Wakim and Fleisher [27], and Green 
and his associates [22] have shown that spinal 
fluid GO-T is increased in instances of experi- 
mental or clinical cerebral infarction. Their 
data further show that the magnitude of eleva- 
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tion is essentially proportional to the size of the 
infarct. Green and his co-workers also demon- 
strated that markedly elevated serum GO-T 
(e.g., cases of chronic hepatic disease) was not 
reflected in spinal fluid, possibly the result of a 
relative impermeability of the blood-brain 
barrier. Conversely, however, a modest serum 
GO-T elevation was seen in some instances of 
cerebral necrosis. Thus, while the blood-brain 
barrier is operative in both directions, the 
permeability is probably greater centrifugally. 
The results in AFI would strengthen this 
contention. 

The lack of any sustained hypertransami- 
nasemia in the one case of diffuse sclerosis ob- 
served may indicate that the GO-T localization 
within nervous system tissue is predominently 
in gray matter, a region immune to the de- 
generative changes characteristic of this disorder. 

Quantitative electrophoretic data of the 
serum protein fractions were obtained in nine- 
teen cases of AFI [23]. No statistically significant 
alterations were apparent in the total protein or 
albumin and globulin fractions. However, an 
elevation of the alpha-2 globulin fraction was 
seen, with diminished values of gamma globulin. 
These changes were generally evident in all 
stages of the disease, perhaps increasing somewhat 
with duration, but no correspondence between 
structural alterations and deviations in protein 
fraction content of the serum was obvious. 
Studies reported elsewhere have also indicated a 
depression of the gamma globulin content of 
cerebrospinal fluid in AFI [23]. No explanation 
for these changes is available but the consistency 
of these findings, with particular reference to the 
hypogammaglobulinemia, may suggest that 
AFI may well extend beyond the confines of 
nervous system tissue even though no extra- 
neural structural changes are evident by histo- 
logic technics presently available. Preliminary 
studies in progress concerning the reactivity of 
the reticuloendothelial system in cases of AFI 
may serve to clarify this issue. 

Klenk and others have studied the structure 
and quantitative content of certain carbo- 
hydrate-linked cerebral lipids in both normal 
brains and cerebral tissue derived from cases of 
AFI [24,25]. They have isolated from cerebral 
gray matter a lipid designated by them as 
ganglioside which was found to be significantly 
increased in AFI. These gangliosides were 
readily differentiated from other cerebrosides by 
the presence of a complex amino acid-sugar 


400 Amaurotic Family Idiocy—Aronson et al. 


termed neuraminic acid. On the basis of the 
fact that this substance (namely, neuraminic 
acid) was the only tissue compound thus far 
demonstrably abnormal in AFI, it was felt to 
be of potential interest to study the serum con- 
tent of neuraminic acid by technics previously 
described. Serum neuraminic acid levels were 
increased in almost all cases of AFI [26]. This 
finding, however, becomes less important in 
view of the fact that the substance is also elevated 
in a wide range of other neurologic and somatic 
disorders. However, when the serum is parti- 
tioned and the neuraminic acid distribution is 
determined in relation to its protein-fraction 
linkage, a distinctly abnormal pattern is seen. 
The ratio formed by globulin neuraminic acid 
to total neuraminic acid is uniformly abnormal 
in AFI by group statistical analysis and serves 
to distinguish the disease from most other 
neurologic entities thus far studied. It is con- 
ceivable on the basis of these findings that the 
abnormalities related to neuraminic acid hold 
little relation to the independently observed 
elevation of neuraminic acid within the nervous 
tissues of AFI. Rather, they may represent an 
underlying and possibly fundamental abnormal- 
ity in the globulin fractions of the serum, with 
consequent redistribution of the protein linkage 
of this complex carbohydrate-amino acid. If 
this be the case, the presented evidence would 
serve to indicate again the possibility of a dis- 
turbance extending beyond the neurectodermal 
changes which have heretofore been considered 
the sole abnormality in AFI. 


SUMMARY 


Serial biochemical studies were performed in 
nineteen cases of amaurotic family idiocy (Tay- 
Sachs disease), one case of Niemann-Pick’s 
disease (NPD) and one case of diffuse sclerosis, 
at monthly intervals for periods up to thirty 
months. An attempt was thus made to equate 
certain consistent changes in serum and cerebro- 
spinal fluid with the clinical and pathologic 
evolution of these disorders. 

Serum aldolase, initially normal in the early 
phase of amaurotic family idiocy (AF1), became 
significantly elevated after approximately nine 
months of clinically evident illness, coincident 
with the emergence of skeletal muscle atrophy. 
The latter was believed to be caused by the 
observed acceleration of lower motor neuron 
breakdown. In the protracted phase of AFI, the 
serum aldolase generally regressed to normal 


values. A roughly similar pattern was obtained 
in the case of NPD, which is a disorder present- 
ing a central nervous system anatomic compo- 
nent almost identical with AFI. No comparable 
changes in serum aldolase were seen in the case 
of diffuse sclerosis or other long tract or upper 
motor neuron diseases studied. 

Serum GQO-transaminase (GO-T) was con- 
sistently and markedy elevated during the en- 
tire course of all cases of AFI and also in the case 
of NPD. The hypertransaminasemia tended to 
lessen during the protracted phase of these 
disorders. In contrast, the child with diffuse 
sclerosis (and patients with other neurologic 
disorders) showed normal or minimally elevated 
values. High GO-T levels were also noted in 
the cerebrospinal fluid of the AFl and NPD cases. 
The cerebrospinal fluid GO-T was depressed in 
the case of diffuse sclerosis. These data indicate 
that the extensive and continuing ganglionic dis- 
integration of AFI is sensitively mirrored by 
elevated GO-T levels in these two biologic fluids. 

The total serum neuraminic acid was non- 
specifically elevated in the three neurologic 
disorders principally studied, in contradistinc- 
tion to the singular elevation of this substance in 
the cerebral tissues of AFI. However, the serum 
protein-linkage distribution of this substance in 
these three diseases showed a distinctly abnormal 
pattern as indicated by the ratios formed by 
globulin neuraminic acid / total neuraminic acid 
and globulin neuraminic acid globulin protein. 
A significant depression of serum and cerebro- 
spinal fluid gamma globulin also was observed 
in AFI. 

The evidence presented seems to indicate the 
possibility that the pathophysiologic substrate 
of AFI may extend beyond the confines of 
ganglionic degeneration. 
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ARS of clinical experience have amply 
demonstrated that embolism and infarction 
of the lungs are frequent and serious complica- 
tions of certain chronic illnesses. In fact, the 
frequency of these pulmonary accidents appears 
to be increasing [59,764]. In spite of the recog- 
nized importance of these~ conditions, many 
aspects of the effects of pulmonary. arterial oc- 
clusion are not clear, and the clinical diagnosis is 
often difficult. We have attempted to re-examine 
the problem of lung embolism with particular 
reference to the effects on the general circulation 
and the mechanism of infarction, and to present 
physiologic explanations of the clinical events 
insofar as available data permit. The pathologic 
conditions concerned in the formation of venous 
thromboses and the origin of emboli will be 
considered briefly. 

Knowledge of venous thrombosis and the 
physiologic consequences of embolism has been 
gained almost wholly within the last century. 
The observations of Laennec [792], published in 
1819, may have foreshadowed the recognition of 
hemorrhagic infarction of the lungs, although 
he did not realize the precise nature of the con- 
dition. From time to time other physicians 
described pulmonary lesions at necropsy which 
appeared to be infarcts. However, it was not 
until 1856 that Virchow [788] revolutionized 
the concepts of organ infarction and recognized 
the phenomenon of vascular embolism. 

In 1887 Osler [736] discussed the problem of 
pulmonary embolism without infarction, and he 
likewise expressed interest in the occurrence of 


pulmonary infarction due to thromboemboli 
when a careful search failed to reveal the origin 
of the obstructing thrombi. With the emergence 
of more precise information regarding the 
physiologic effects of pulmonary embolism and 
the conditions under which thromboemboli are 
formed, a more thorough knowledge of this 
disorder has been acquired. 

In order to present the important considera- 
tions in the pathologic physiology of pulmonary 
embolism, a general discussion of the origin of 
thromboemboli will be useful. 


VENOUS THROMBOSIS AND THROMBOTIC EMBOLI 


Frequency. The importance of thromboem- 
bolic disease of the lungs is pointed up by ob- 
servations of the frequency of the condition. 
Pulmonary embolism (without regard to infarc- 
tion of the lung) was noted in 5 to 14 per cent of 
cases in general autopsy series [/,/7,59,72,206). 
Moreover, in necropsy series from two custodial 
institutions, where terminal illnesses are similar 
to those of the ambient population, the post- 
mortem incidence of pulmonary embolism was 
23.1 per cent [728] and 25.7 per cent [7/84]. In 
autopsy studies, Moran [/29) found pulmonary 
emboli in 30 per cent of 140 patients with car- 
diac disease; Kinsey and White reported [96] an 
incidence of 48 per cent in association with con- 
gestive heart failure. It has been estimated that 
pulmonary accidents caused or contributed to 
death in one-fourth to one-half of these cases 
[77,72,129, 184). 

In parallel with the observed incidence of 
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pulmonary embolism, the frequency of infarc- 
tion of the lung is likewise impressive. Infarction 
has been reported to follow embolism in 50 to 
60 per cent of cases [/7,99,129,184). If, indeed, 
congestion of the lung encourages necrosis of 


TABLE 1 
SITES OF ORIGIN OF PULMONARY EMBOLI 
Range of Reported | Representative 
Incidence of (average) Data 
Site Thrombi Causing from Miller 
Pulmonary Emboli and Berry [723] 
(%) (%) 
Lower extremity | 20.6 to 95 61 
[59,87 ,113,123,159) 
Right side of the | 10 to 39.3 24 
heart (59,123,159) 
Pelvic area; 
prostatic veins | 30 [728) | 15 
Upper extremity | Rare (73,728,207) | 0 
| 


the tissue following embolism, patients with 
heart disease should be especially liable to the 
development of infarction. This possibility is 
confirmed by a postmortem study in which 90 
per cent of the lungs of cardiac patients with 
emboli were found to have areas of infarction 
[72]. 

It is accepted that the occurrence of pulmo- 
nary embolic phenomena is greatest in the 
older age groups and is unusual before the ages 
of thirty to forty, except in obstetrical patients 
or in those with congestive heart failure (27,59, 
67,123,201,206|. The increasing incidence of pul- 
monary embolism may therefore be due largely 
to the advancing age of the population. 

Contrary to earlier views, general hospital 
series have demonstrated that pulmonary em- 
bolism is significantly more frequent in medical 
than in surgical patients {/7,27,59,72]. Sex, race 
and season of the year do not appear to be im- 
portant factors in the incidence of the disease 
( 24,59,67, 113,123, 184,206). 

Sites of Origin of Venous Thrombi. Pulmonary 
emboli usually originate as detached portions of 
venous thrombi from the lower extremities. 
Data concerning the exact sites of these clots 
are inconsistent because of the difficulty of iden- 
tification of the thrombotic site, and because 
the exit of detachable thrombi from veins leaves 
the vessels empty at the time of autopsy. Repre- 
sentative data are presented in Table 1. Emboli 
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from the right side of the heart are smaller and 
less apt to be lethal [206]. 

Non-thrombotic materials, such as amniotic 
fluid [5,776], fat [767], air [7], bone spicules and 
fragments of organs (such as brain tissue in 


f f D 


Fic. 1. Diagram illustrating the common sites of venous 
thrombus formation from which emboli may originate. 
A and C represent the deep and superficial veins of the 
lower extremities and B the venous networks of the pel- 
vis. Occasionally, thrombus formation occurs in the 
right cardiac chambers, D, and rarely in the veins of the 
arms, E. 


severe head injuries {775]) comprise a small per- 
centage of pulmonary emboli. 

Venous Thrombus Formation; Role of ‘* Thrombo- 
phlebitis.” (Fig. 1.) The time-honored theory 
of thrombus formation (which originated in part 
with Virchow) has held that retardation of the 
venous circulation, damage to vessel walls, and 


of 
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conditions favoring the coagulation of the blood 
are concerned in the phenomenon of intravascu- 
lar clotting. This concept remains unchallenged. 
Cardiac disease with failure is acknowledged to 
be the most important single condition predis- 
posing to thrombosis [7,/6,17,24,59,164), pre- 
sumably acting by encouraging circulatory 
stasis [77]. The postoperative state, especially 
following abdominal and pelvic surgery, is the 
next most important factor [24,73,/64]. Venous 
stasis is promoted by immobilization, shallow 
ventilation and by hypotension. Changes in 
blood coagulation have been described after 
surgery |24,/90|, and there may be trauma to 
the veins in the surgical procedure or in the 
handling of the patient. Other predisposing 
causes to thrombus formation are trauma to 
the lower extremities, especially fractures of the 
femur |24,59,67|, pregnancy, parturition [| 76,24, 
164\, polycythemia [67,734], hemiplegia [24], 
varicose veins [72,24], carcinoma [72,24,82], and 
possibly obesity [72,67,755,170]. Prolonged bed 
rest is a frequent contributing influence in these 
predisposing causes. Hunter et al. [84] found 
thrombi in the deep veins in many (52.7 per 
cent) middle aged, normal people who were 
confined to bed. Simpson [765] observed pulmo- 
nary emboli in normal subjects when they arose 
from long periods of sitting in London air raid 
shelters, and Homans [80] also reported pulmo- 
nary accidents after long automobile rides. 
Occasionally, there are instances of pulmonary 
emboli, especially in healthy young men [207], 
without known predisposing cause [32,773,/44, 
193). 

The conditions which favor the development 
of thrombi and embolism from the right cardiac 
chambers are thought to be those causing pool- 
ing within the auricular appendage and endo- 
cardial damage. The most important of these 
are congestive heart failure, myocardial infarc- 
tion, auricular fibrillation and, occasionally, 
infective endocarditis of the tricuspid or pul- 
monic valves [27,59,87|. Any type of heart dis- 
ease leading to congestion or auricular fibrilla- 
tion may predispose to thrombus formation, 
either within the cavity of the right atrium or in 
the peripheral veins [59,729,764]. 

It has been thought that the detachment of 
thrombi from veins occurs more readily when the 
walls are uninflamed (phlebothrombosis). Em- 
bolism appeared to be less frequent when 
venous inflammation had occurred (thrombo- 
phlebitis). ‘This concept has recently been criti- 
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cized [27,24,/72]. Byrne [24] stated that all 
phlebitis is essentially the same process with 
varying manifestations. As a result, the diagnosis 
of thrombophlebitis leads, in his opinion, to a 
sense of security which is not justified. The fact 
is that any condition suggesting venous clotting, 
with or without inflammation, should be re- 
garded as the potential source of a serious pul- 
monary accident. 

It is usual for emboli to break away from ve- 
nous thrombi without apparent cause [49]. 
However, situations involving ambulation after 
long bedfastness, straining at stool, or exertion 
may be attended by detachment of venous 
clots [49,67,204). Deep breathing or hyperpnea 
has been thought to encourage embolism by in- 
creasing the rate of venous flow, thereby drawing 
the floating thrombi to the chest [38,83,777,204}. 

Once a clot fragment loses its anchorage in the 
vein, it progresses rapidly through the inferior 
vena Cava and heart into the pulmonary arteries 
(27,768). Recent experimental evidence in dogs 
has indicated that venous emboli may remain in 
the right ventricular cavity for long periods 
(794). 

Sites of Impaction of Pulmonary Emboli. Obvi- 
ously, very large thrombi. will not progress 
beyond the larger arteries. In general, smaller 
emboli pass to the lower lobar arteries of the 
lungs; embolism of the vessels to the upper lobes 
is much less common. The right lower lung is the 
most frequently involved; the left lower lobe is 
the second site of predilection for embolic 
occlusion [72,/73,/23,150,164,184). The tendency 
to involvement of the right lower lobe and 
posterior basal segments in general is thought to 
be due to the fact that these areas lie in the more 
direct axial stream of the pulmonary arteries 
|750,184|. The distribution of these lesions may 
be useful in differential diagnosis. 


EXPERIMENTAL PULMONARY EMBOLISM 


Experimental observations have clarified the 
mechanisms of certain physiologic reactions 
concerned in pulmonary embolism and infarc- 
tion. In order to bring the entire problem into 
focus, a number of these studies will be con- 
sidered briefly. 

Extensive Pulmonary Arterial Occlusion. ‘Total 
obstruction of the main pulmonary artery or of 
the two principal branches causes rapid death. 
On the other hand, animals may tolerate the 
occlusion of as much as 75 per cent of the lung 
circulation [70,71,74,79,118,174| without death. 
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Fic. 2. Diagrammatic sketches illustrating certain circulatory events following acute pulmonary embolism and in 
congestive heart failure. In normal circulatory balance (A) the output of the left ventricle is conveyed to the myriads of 
small arteries and arterioles which regulate regional distribution of flow. After arteriolar passage, residual pressure in 
capillaries, together with sustained venular tone, muscular action and negative intrathoracic pressure, assures a con- 
tinuing flow of venous blood to the heart. When multiple or massive pulmonary embolism occurs (B), pulmonary hyper- 
tension and marked right ventricular strain ensue; however, if sufficient passage of blood through the lungs occurs and 
left ventricular output is sustained to support life, continued integrity of the arteriolar-capillary-venular system (as in 
the normal circulation) may maintain venous return to the heart to the extent that severe venous congestion results. 
Overload and distention of the right ventricle may then be further increased (acute cor pulmonale). Depending upon 
the degree of pulmonary obstruction and the competence of the right ventricle, cor pulmonale and venous congestion 
often persist for many hours. Death can occur at any time. (C), when the competence of the left, the right, or both ven- 
tricles is reduced by myocardial disease, circulatory insufficiency and venous congestion may be engendered by essen- 
tially similar mechanisms. With failure of ventricular output and cardiac dilatation, sustained integrity of the periph- 
eral vascular mechanisms again assures a persistent venous return to the heart and the eventual impounding of blood 
within the veins. The condition is often chronic so that fluid filtration (edema) of engorged tissues becomes evident as 
well as other signs of circulatory insufficiency. The increase of blood volume which occurs in chronic heart failure may 
aggravate the situation. 


When critical occlusion of the pulmonary artery 
occurs, the circulatory events are dramatic. In 
an open-chest dog preparation, the physiologic 
aberrations begin when a large foreign body 
reaches the pulmonary artery. There is a precipi- 
tous decline of systemic blood pressure and a 
concomitant rise in the pulmonary arterial ten- 
sion. The lungs become white, and the left side of 
the heart beats in emptiness. Gasping respiratory 
movements of the chest wall, cyanosis and varia- 
ble heart rate |/22,/97| appear, and death super- 
venes [77,76,79, 122, 148,197,198). 

One of the striking events accompanying 
acute pulmonary obstruction is the dilatation 
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of the right cardiac chambers and the turges- 
cence of the peripheral veins [79,/22]. These 
physiologic responses are of interest since they 
depend on the continued venous return in con- 
cert with a diminishing cardiac output. This 
mechanism of congestion [60] may also operate 
in the setting of chronic, low-output heart 
failure [23,63,114,139,146,172,203|. The train of 
events might be described as follows: ‘The force 
of the heart beat applied to the blood is dis- 
sipated, in part, as it passes the sharp resistance 
of the arterioles. Nevertheless, after arteriolar 
passage of the blood column, residual pressure 
(vts-d-tergo) remains for the propulsion of blood 
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through the capillaries and venules. In addition, 
progress of the blood toward intermediate and 
large veins depends in part upon the sustained 
restricted calibre of these vessels. (Fig. 2.) 


Evidence for the occurrence of venomotion comes 
from several sources. Combemale [35] reported that, 
with abrupt cessation of the heart beat of frogs, blood 
continued to flow in the veins in intermittent rushes, 
apparently stirred by periodic constriction of the small 
veins. He concluded that venomotion was essential 
in the regulation of peripheral circulatory flow. In 
1929 Riml [752] observed that sudden cardiac arrest 
in rabbits was accompanied by brisk, continued blood 
flow from severed great veins until a large quantity 
of the blood volume had escaped. Perhaps the most 
critical experiment has been reported by Rose et al. 
(157|. They described a specially designed pump 
applied to the aorta of dogs as a substitute for the left 
ventricle. The pump drew its supply from a reservoir 
into which the pulmonary venous blood was directed. 
The right ventricle was undisturbed, and the prepara- 
tion could be maintained in circulatory balance with 
the actual right ventricle, the pump receiving and 
delivering the same quantities of blood. If norepineph- 
rine were administered to produce a sympathomimetic 
response, the increased arterial pressure occurring 
from augmentation of arteriolar resistance increased 
the quantity of blood displaced from the vascular 
system and augmented the reservoir volume. Con- 
versely, when sympathetic impulses were inhibited 
by ganglionic blocking agents, general vascular vol- 
ume increased and the animal took up a correspond- 
ing amount of blood from the reservoir. The changes 
in vascular volume were so large that participation 
of the arteriolar and postarteriolar vessels (including 
the capillaries, venules and small veins) was thought 
to have occurred as part of the integrated peripheral 
vascular reaction. 


The experimental data described may be 
transposed to clinical situations. When the out- 
flow from the right ventricle is suddenly cur- 
tailed by blocked pulmonary arteries or by left 
ventricular failure, the right atrium, right 
ventricle and peripheral veins distend because 
the heart can no longer accept blood returning 
through the postarteriolar vasculature. A large 
portion of the blood volume may then be im- 
pounded in the peripheral venous system. 
Experience has shown that congestive heart 
failure and severe cor pulmonale from pul- 
monary embolism are often accompanied by 
venous congestion, probably induced by the 
same fundamental mechanisms. 

Medium-sized Emboli. In contrast to massive 
embolization, which can provoke catastrophic 
effects, single smaller emboli (e.g., to a second- 
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ary or lobar artery) in normal animals are often 
relatively innocuous. The fate of the lung tissue 
following single or multiple small emboli has 
been repeatedly studied. Karsner and Ash [97]} 
noted that radish seed embolism of dogs was 
not damaging to the lungs in the absence of 
pulmonary venous congestion. Mathes, Holman 
and Reichert [720] found that the lung paren- 
chyma distal to an embolus was often indis- 
tinguishable from normal. Other workers have 
also recorded that small foreign bodies usually 
produce only minor changes |37,/30,154,174). It 
is noteworthy that ligation of the main or lobar 
pulmonary arteries does not result in infarction 
of the lungs, although some fibrotic change may 
eventually occur [87,104,720,160). 

In contrast, the effects of single lung emboli 
are different when the circulation of the lungs 
has been previously compromised. To explain 
these differences, the general circulation of the 
lungs requires more detailed consideration. 

The Dual Bronchopulmonary Circulation. The 
lung tissue possesses a dual vasculature which 
permits the tissue to fall back on the alternate 
bronchial arterial source of blood when the 
pulmonary artery circulation is_ obliterated. 
In man, the bronchial arteries usually arise from 
the aorta or one of the first two intercostal 
arteries {30,/24|. In the dog, the major bronchial 
vessels often originate from the fifth or sixth right 
intercostal artery [22]. The study of bronchial 
arterial function and flow has been difficult 
because of the variability and inaccessibility of 
these structures [720,774]. It is known that these 
vessels follow the course of the bronchi into the 
lung parenchyma, where they branch elabo- 
rately and rejoin to form plexuses around the 
bronchi and in the bronchial submucosa. Ex- 
ternal to the lungs, they supply the vasa vasorum 
of the pulmonary artery, the vagi and the 


mediastinal structures through anastomoses 
with numerous other vessels | 7/8,30,42,/83). 
(Fig. 3.) 


Occlusion of the bronchial artery has been 
shown to produce ischemia and necrosis con- 
fined to the tissue of the main bronchi at the 
hilar area [54]. However, the arteries are known 
to extend to the respiratory bronchi and alveoli 
(78,124). Indeed, Cudkowicz and Armstrong [42] 
suggested that they supply all the lung tissue 
except the pulmonary capillary epithelium. 
The major portion of the blood from the bron- 
chial arteries returns via the pulmonary veins © 
[78,124]. The bronchial veins also form a plexus 
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Fic. 3. Diagrammatic sketch, modified from Verloop [785], illustrating the cir- 

_ culation of the normal lung. The i!lustration shows the precapillary connections 
between the pulmonary and bronchial arteries, and the collecting pulmonary 
vein at the center of the lobule. The blood supply of the visceral pleura (bottom) 
is provided by extensions of the pulmonary and bronchial arterial systems. 


around the bronchi, draining into the azygos, 
hemiazygos and intercostal venous systems [724], 
and anastomose widely with the pulmonary 
veins | 779}. 

The pulmonary arteries are extensively 
anastomotic between themselves at the capillary 
level [779]. The existence of precapillary anasto- 
moses between pulmonary and bronchial arteries 
has been debated [54]. Several observers believe 
that bronchopulmonary communications are 
limited to vessels of capillary size [78,42,/25). 
However, the weight of evidence now suggests 
that precapillary connections between the 
systems are present and that these anastomoses 
may become greatly enlarged under certain 
conditions of disease 706,779, 1517,183, 185). 

The mechanism of expansion, or enlarge- 
ment, of the bronchopulmonary “bridging 
arteries” is not clear [705]. However, it is certain, 
from clinical and experimental observations, 
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that diminution of pulmonary arterial inflow 
into a segment of the lung (whether by embolism 
or by arterial ligation) will incite a substantial 
development of the bronchial collateral cir- 
culation in the area [87,88,704,160|. It has been 
suggested that marked diminution of pulmonary 
arterial pressure and resistance distal to the 
point of obstruction permits blood to flow into 
the pulmonary vascular bed from the connecting 
bronchial arteries which gradually enlarge to 
accommodate this flow [92,705]. It is also possible 
that the enhanced capacity of these collateral 
channels occurs under the same conditions 
which prevail in other injured tissues to induce 
vasodilatation. 

The contrast between the capacity of the 
normal and expanded collaterals is striking. 
By direct cannulation of the bronchial arteries 
in dogs, Bruner and Schmidt [22] noted that the 
normal arterial flow averaged 5 cc. per minute 
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Fic. 4. A, diagrammatic illustration of the bronchopulmonary circulation of the lung immediately after an embolus 
(arrow) has lodged in the pulmonary artery. B, diagram of the dilatation of the bronchopulmonary arterial connections 
in a period of days after the embolic impaction. Bronchial arterial blood now enters the pulmonary arteries distal to 


the embolus to sustain the integrity of the lung tissue. 


(less than 1.0 per cent of cardiac output). 
Although approximately two-thirds of the bron- 
chial blood enters the pulmonary veins, the 
admixture of this small quantity is not sufficient 
to lower net oxygen saturation of the pulmonary 
venous blood [22]. Various other methods for 
the measurement of bronchial arterial flow have 
been devised. One simple technic entails the 
collection of blood from a lobar artery or vein 
after the corresponding pulmonary artery has 
been occluded. Blood escaping from the can- 
nulated vessel is derived from the bronchial 
inflow to the lobe [747,763,199]. Using this 
procedure in dogs, collateral irrigation is gen- 
erally less than 1.0 cc. per minute shortly after 
ligation of the corresponding pulmonary artery 
141,163\. However, the collateral flows increase 
to 16 to 26 cc. per minute [747] or more [799] in 
four to seven weeks after obstruction of the 
lobar artery. The enlargement of the collateral 
bronchial arterial system resulting from pul- 
monary embolism is therefore slowly progressive 
for several weeks or longer [747|. The bronchial 
artery supply of blood varies directly with the 
systemic blood pressure [747,/99]. Another 


technic for the measurement of the collateral 
circulation (Liebow et al. |/05|) utilized the 
oxygen uptake in the segment of the lung which 
was deprived of pulmonary arterial blood. The 
accessory flow increased significantly within 
two weeks after ligation of the left main pul- 
monary artery and often attained levels as high 
as 1 L. per minute (a forty-fold increase over 
normal) over a period of four months | 79}. Since 
most of the ancillary lung flow returns to the 
pulmonary veins, it was estimated that the left 
ventricular load was increased as much as one- 
third over that of the right ventricle {7/9}. 
Further evidence of augmentation of bronchial 
collateral flow within seven to fourteen days 
after occlusion of a pulmonary artery is ob- 
tained by the injection of neoprene latex, or 
other contrast medium, into the aorta, whence it 
rapidly fills the whole of the pulmonary vascu- 
lature (distal to the obstruction in the pul- 
monary artery) through the dilated bronchial 
vessels. In the absence of previous occlusion of 
the pulmonary artery, the bronchial arteries are 
small, and the contrast substance does not reach 
the pulmonary arterial branches from the aorta 
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| 705,147). (Figs. 4 and 5.) These various experi- 
ments provide sound evidence that the bronchial 
circulation may increase greatly, perhaps sufh- 
ciently to sustain the parenchymal tissue when 
pulmonary blood flow is interrupted. As a result, 
the parenchyma distal to the occlusion may be 
preserved, so that there is neither gross nor 
microscopic evidence of infarction. 

The clinical counterparts to these experiments 
are likewise of interest. In bronchiectasis, pul- 
monary embolism and infarction, abscess of the 
lung, tuberculosis, primary tumors of the lung, 
and in certain kinds of congenital heart disease, 
marked dilatation of the bronchial arteries may 
occur, to as much as ten times their original 
size { 33,47, 105,202,205). 

As the bronchial arteries dilate to form a col- 
lateral circulation for the lungs, the bronchial 
veins probably also accommodate the increased 
carriage of blood. Conspicuous dilatation of the 
bronchial veins often occurs in emphysema and 
in mitral stenosis {52,/03,202|. In conditions call- 
ing forth the collateral vascular system of the 
lungs, the resultant enlargement of the bronchial 
vessels may become the source of dangerous 
hemorrhage [ 58,705,202). 

Infarction of the Lungs. Pulmonary infarction 
does not result from ligation of the lung arteries, 
and is unusual after embolization in animals with 
normal lungs. Numerous studies have indicated 
that some alteration of the intrinsic circulation 
of the lungs must be present to induce tissue 
necrosis after obstruction of a pulmonary artery. 
Many years ago Karsner and Ash [97] described 
the occurrence of infarction in dogs when em- 
bolic arterial occlusion was produced in lungs 
previously congested by ligation of lobar veins, 
or by compression from artificial pleural effu- 
sions. Mathes et al. [7/20] likewise observed 
hemorrhagic consolidation, and even gangrene, 
after the introduction of infected emboli. 
Their experiments indicated that combined 
infection and embolism of the lung so damaged 
the vascular structures that frank tissue necrosis 
occurred. Moses [730] bound the chests of rabbits 
tightly so as to invoke stasis within the lungs; 
thereafter, embolism was usually followed by 
extensive infarction. Other workers [37,754] 
have obtained generally confirmatory results. 
Based on such observations, it has been generally 
accepted that pulmonary congestion, infection 
and diminished ventilation [754] promote pul- 
monary infarction by inviting intrapulmonic 
circulatory stasis [37], which so impedes irrigation 
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Fic. 5. Photograph of the lungs of a dog. During life, a 
segment of No. 6 (French) urethral catheter was in- 
troduced into an external jugular vein and the embolus 
lodged in the left lower lobar artery (arrow). Seventeen 
days later the lungs were removed after injection of the 
bronchial arteries (through the aorta) with barium sulfate 
suspension. The lungs were then dehydrated in alcohol 
and cleared in oil of wintergreen. The bronchial arteries 
are clearly visible in the right upper lobe as long vessels 
with few branches. Note penetration of barium suspen- 
sion into finer pulmonary arteries in the left lower lobe 
(distal to the embolus), indicating that the bronchial 
arteries functioned as a collateral blood supply. 


through the connecting bronchial arteries [85] 
that the benefits of the collateral blood supply 
are largely annulled. (Fig. 6.) 

These general concepts of the genesis of pul- 
monary infarction have been supported by 
further study. Parker and Smith [747] con- 
structed femoral arteriovenous fistulas in dogs 
and thereafter subjected the animals to pul- 
monary embolization with short segments of 
rubber catheter. Infarction was usually present 
at autopsy. In these “fistula dogs’’ the lesion 
occurred presumably because the bronchial 
collateral circulation failed to function or failed 
to expand. However, when the pulmonary and 
bronchial arteries of the infarcted lobes were 
injected with liquid latex it was evident that the 
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Fic. 6. Possible mechanism of formation of an infarct of 
the lung. The picture shows a thrombotic embolus (ar- 
row) in the pulmonary artery of the lung segment. The 
presence of passive congestion of the tissue (from any 
cause) is illustrated by the distended pulmonary vein 
in the center of the lobule. The bronchopulmonary 
anastomoses are normal or enlarged, and the collateral 
circulation is anatomically intact. However, it is pre- 
sumed that the collateral circulation has been defeated 
by impairment of venous drainage (by congestion), 
permitting breakdown of the tissue distal to the embolus 
to occur. 


bronchial vessels were as greatly enlarged as in 
normal lungs following pulmonary arterial 
occlusion. Furthermore, when the_ bronchial 
lobar flow was measured four to seven weeks 
after the embolization the collateral flow had 
reached 16 to 26 cc. per minute. Therefore, there 
was sound evidence that lung tissue undergoing 
the changes of infarction may be possessed of an 
anatomically adequate system of collateral 
vessels [747|. It was assumed that interference 
with the function of the ancillary vasculature by 
an A-V fistula rendered it incapable of nourish- 
ing the tissues. It has not been possible to explain 
precisely the mechanisms by which peripheral 
arteriovenous shunts can so curtail the function 
of the accessory circulation. The interposition of 
a shunt in the general circulation (before the 
collateral vessels have become enlarged) may 
decrease bronchial arterial flow because of 
lowered systemic blood pressure or because of 
compensatory vasoconstriction in the bronchial 
arterioles due to the low-resistance fistula. 
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Contrary to these concepts of the mechanism of in- 
farction, other observers [55,/63] have suggested that 
development of the bronchial arterial collaterals 
actually encourages the formation of infarcts following 
embolization. They believe that blood from the en- 
larged bronchial vessels in the embolized lobe is 
forced, under systemic pressure, into the anoxic 
alveolar capillaries, producing a destructive effect 
and causing hemorrhage and necrosis. Ellis and his 
associates {55} postulated that intercapillary anas- 
tomoses of the pulmonary arteries themselves form 
the greater part of the collateral circulation. They 
produced occlusion of the bronchial artery to the 
right upper lobe in dogs, and noted that subsequent 
glass bead embolization did not cause infarcts of that 
lobe although infarcted areas occasionally formed in 
other lobes which were more heavily embolized. 
They also reported that pulmonary emboli provoked 
infarction when corresponding lobar veins were 
ligated whether or not the bronchial arteries to the 
part were also occluded. The results implied that the 
bronchial arteries are not essential in sustaining the 
nutrition of the tissue when pulmonary arterial flow 
is shut off. It has been difficult for us to accept the 
interpretations of Ellis et al. [55] and of Shedd and 
his co-workers [/63] in view of the marked augmenta- 
tion of collateral bronchial flow in embolized lobes 
in which necrosis did not occur [747]. On the basis of 
their hypothesis it is also difficult to explain why in- 
farction does not occur after lobar arterial ligation, if 
pulmonary intercapillary anastomoses do form the 
basic collateral circulation. In the light of present 
information we prefer to accept the working hypoth- 
esis that, when lobar embolization occurs, expan- 
sion of the bronchial collateral vasculature ordinarily 
serves to sustain the lung and prevent the develop- 
ment of an infarct; however, when embolization oc- 
curs in the presence of congestion, infection or other 
conditions which may interfere with bronchial arterial 
flow, infarction may occur even though the accessory 
vasculature has been augmented throughout the 
affected parenchymal area. 


Whatever the mechanisms involved, the cir- 
cumstances of occurrence of experimentally 
produced infarction of the lung find an interest- 
ing counterpart in clinical medicine. It is indeed 
the patient with pulmonary congestion (whether 
from heart failure [2/,99], prolonged inactivity 
(777| or local pulmonary disease [28,86|) who is 
more subject to pulmonary infarction as the 
result of thromboembolism. This knowledge con- 
forms to the experimental evidence that marked 
or even subtle imbalances of the movement of 
blood through the lungs are sufficient to nullify 
the beneficial effects of a collateral circulation, 
regardless of how extensive the collaterals appear 


to be. 
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That total failure of the blood supply to the 
lungs also results in rapid breakdown of lung 
tissue is demonstrated in experiments using in- 
fected emboli [720]. Another experiment entails 
the use of emboli made of cotton which is soaked 
in croton oil (an intense tissue irritant) and placed 
in a gelatin capsule. Impaction of this embolus 
in a lobar artery provokes no immediate symp- 
toms. However, within twenty-four to forty- 
eight hours cough and evident illness usually 
develops in the animal. Autopsy shows extensive 
liquefaction necrosis (gangrene) of the embolized 
lobe. Furthermore, injected contrast media will 
not enter the involved tissue either through the 
bronchial or pulmonary arteries. ‘Therefore, 
the gangrenous changes clearly result from acute 
total destruction of the lobar blood supply [742]. 
There is a striking difference between necrosis of 
tissue which leads to an infarct and that which 
results in gangrene. In the case of the lungs, 
infarction involves tissue injury with sufficient 
preservation of blood supply to sustain fibrotic 
repair. Gangrene represents total deterioration of 
tissue from complete destruction of the lung 
vasculature. Fortunately, the latter condition is 
rare. (Fig. 7.) 

Vascular Responses Provoked by Miliary Emboliza- 
tion of the Lungs. It is well known that emboliza- 
tion of the lungs with particulate matter invokes 
severe pulmonary hypertension, a decline of 
systemic blood pressure, and death with disten- 
tion of the right cardiac chambers and engorge- 
ment of the peripheral veins. Actually, these 
dynamic effects are little different from the effects 
produced by occlusion of the main pulmonary 
artery. The genesis of the pulmonary hyperten- 
sion from miliary embolism has remained con- 
troversial. Some investigators have postulated 
that particulate embolism induces reflex pulmo- 
nary arterial constriction | 25,48,76,78,94, 133, 148). 
This suggestion has been invoked to explain the 
deaths of patients when pulmonary emboli block 
only a minor portion of the pulmonary arterial 
bed [48,49,59,69,93,/84|]. This explanation has 
also been predicated upon the occurrence of 
marked elevation of pulmonary pressure after 
embolization with barium sulfate, lycopodium 
spores or other divided matter in quantities 
that seemed insufficient to account for the reac- 
tions as simple blockade of the lung vasculature. 
As an example, in the innervated heart-lung 
preparation (with intact central nervous system) 
it was noted that barium embolization of the 
lungs caused abrupt pulmonary hypertension 
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Fic. 7. Illustration of the possible mechanism of pul- 
monary gangrene. When the blood supply of the lung 
tissue is critically diminished or totally obliterated by 
occlusion of both the pulmonary and bronchial arteries 
to the part, liquefaction necrosis (or gangrene) ensues. 


and diminished left ventricular output, with 
invariable death of the preparation [7/48]. How- 
ever, when the lungs were denervated at the 
height of this embolic reaction by elimination of 
the circulation to the nervous system, pulmonary 
hypertension gradually subsided, left ventricular 
output increased, and the preparation survived. 
When hexamethonium was administered to the 
innervated heart-lung preparation, or if the 
upper four or five thoracic sympathetic ganglia 
were removed, the introduction of barium into 
the pulmonary arteries did not produce abrupt 
pulmonary hypertension unless larger quantities 
of the material were injected to produce me- 
chanical block. These experiments [748] suggest 
that miliary embolization of the lungs invokes 
widespread constriction of the pulmonary 
arterioles, mediated through sympathetic im- 
pulses. As an interesting corollary, Villaret, 
Cachera and Fauvert [787] observed constriction 
of the minute pial arteries in dogs following 
miliary embolism of the carotid arteries. It 
seems possible that pulmonary arterial constric- 
tion also results from particulate emboli. Aside 
from the problem of embolism, other work has 
demonstrated that the lesser circulation is 
capable of active vasoconstriction [6,/45,157,778] 
through autonomic stimuli. 

On the other hand, a number of observers 
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| have concluded 
that the methods described do not obviate the 
possibility that miliary embolism merely pro- 
duces multiple mechanical obstructions of the 
finer lung vessels. Williams [798] noted that 
dogs subjected to embolism with glass beads 
(60 microns) showed a gradual rise of pulmonary 
arterial pressure with increasing numbers of 
beads. The resulting pulmonary hypertension 
was not abolished by hexamethonium. He con- 
cluded that evidence of reflex vasoconstriction 
was lacking and that elevation of pulmonary 
tension was the outcome of simple arterial 
blockade. 

It is clear that the question of pulmonary 
vasomotion from embolism has not been resolved 
in spite of the many efforts to elucidate the prob- 
lem. Nevertheless, it seems probable that the 
effects of most pulmonary emboli on the cir- 
culation of the lungs are largely mechanical. 
In instances in which smaller vessels are 
embolized by fragmented clots or amniotic 
fluid, pulmonary vasomotor responses may 
be an important additional means of bringing 
about a catastrophic circulatory shutdown 
[25]. 

Recently, a growing appreciation of the effects 
of serotonin (5-hydroxytryptamine) on_ the 
circulation has led to investigations of its role in 
pulmonary vasomotion. Serotonin apparently 
provokes a vasoconstriction of the lung arteries 
in cats and dogs [.36,/58,767|. Comroe et al. [36] 
postulated that certain vascular disturbances of 
pulmonary embolism may result from local or 
reflex reactions to serotonin when it is released 
from platelets during the coagulation of blood. 
However, Nemir et al. [732] found no rise in 
pulmonary arterial pressure in man when sero- 
tonin was injected distally into an occluded 
pulmonary artery. The precise role of this inter- 
esting substance in pulmonary vascular accidents 
needs clarification. 

The presence of large arteriovenous shunts in 
the pulmonary circulation has been the subject 
of some discussion. Several workers [733,749,783] 
have reported the existence of A-V connections 
up to 500 microns in size; others [44,64,98] have 
been unable to reproduce these results. The prin- 
cipal evidence for the presence of pulmonary 
A-V shunts is that glass spheres, of a size up to 
fifty times that of capillaries, may be recovered 
from the pulmonary veins after their introduc- 
tion into the pulmonary artery [783]. Recently, 
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Parker, Andresen and Smith [/40|, employing 
a somewhat different technic in dogs, have been 
able to recover lucite spheres 75 microns in size, 
which passed through the arteriovenous cir- 
culation of the lungs. However, spheres of 250 
to 350 microns apparently did not pass through 
the lung vasculature. These experiments con- 
firm the presence of functional A-V shunts in 
the pulmonary circuit, although the exact sizes 
of the communications are left in doubt. Niden 
and Aviado [| 733] suggested that these shunts may 
lessen the rise of pulmonary arterial tension after 
embolization but, because of the circumvention 
of blood through them and the consequently 
lowered capillary flow, they may also aggravate 
the resulting anoxemia. 

Vascular Lesions from Fibrin Emboli. Clinical 
| 15,29,135,138| and experimental [74,57,52,75,77, 
131,181,182,197\ observations have suggested that 
embolism with fine clots or with fibrin induces 
significant pulmonary arterial lesions. For 
instance, when macerated fibrin suspensions 
were administered intravenously to rabbits, the 
fibrin, caught in the finer pulmonary vessels, 
was incorporated into the vascular intima. The 
process produced an_ eccentric fibroelastic 
thickening of the intima closely resembling the 
lesions of atherosclerosis [787]. It has been sug- 
gested that pulmonary hypertension or other 
mechanical factors are important in inciting 
these lesions [57]. Thomas et al. [/8/] have 
shown that embolism of rabbits with glass beads 
does not result in the development of athero- 
sclerotic-like lesions although pulmonary hyper- 
tension develops following the embolization. 
Parker, Thomas and Smith [/43) administered 
fine suspensions of fibrin to dogs intravenously, 
twice weekly for six weeks. These dogs did not 
exhibit pulmonary hypertension but at autopsy 
showed well defined intimal lesions resembling 
those of atherosclerosis; pulmonary hypertension 
per se evidently was not responsible for the 
specific pathologic process in the vascular walls. 
The pathogenesis of these lesions, produced by 
fibrin deposition, requires further study. They 
bear a striking resemblance to the atherosclerotic 
processes found in the pulmonary arteries of 
some patients with mitral stenosis and other 
diseases causing pulmonary hypertension. The 
suggestion has been made that “‘idiopathic’”’ 
pulmonary hypertension and pulmonary arterio- 
sclerosis may result from repeated pulmonary 
fibrin emboli [ 738}. 
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INTERPRETATION OF THE CLINICAL 
MANIFESTATIONS OF PULMONARY 
EMBOLISM AND INFARCTION 


The manifestations of embolism of the pul- 
monary arteries and of necrosis of the lung tissue 


TABLE U 
CLINICAL EVIDENCES OF PULMONARY EMBOLISM 
IN APPROXIMATE ORDER OF IMPORTANCE 
AND FREQUENCY 


Manifestations of Pulmonary Embolism: 
Dyspnea 
Substernal oppressive chest pain 
‘Tachycardia 
Manifestations of cerebral ischemia 
Restlessness, anxiety 
Syncope 
Convulsions 
Llectrocardiographic changes 
Shock 
Evidence of right-sided cardiac dilatation and failure 
Fever 
Sudden death 


Silent 
Note: Embolism may be 4 Varied in symptomatology 
Recurrent 
mm 


CLINICAL EVIDENCES OF PULMONARY INFARCTION 
IN APPROXIMATE ORDER OF IMPORTANCE AND 
FREQUENCY 


Manifestations of Pulmonary Infarction (Possibly pre- 

ceded by evidence of acute embolism): 

Pleuritic chest pain 

X-ray densities 

Fever 

Hemoptysis 

Cough 

Dyspnea 

Tachycardia 

Elevated leukocyte count and erythrocyte sedimenta- 
tion rate (non-specific) 


are often not separated in clinical descriptions. 
However, infarction of the lungs does not neces- 
sarily follow embolism, and uncomplicated 
emboli often cause distinctive clinical manifesta- 
tions. Therefore, the two processes will be con- 
sidered separately in so far as possible. Tables n, 
i and rv list the salient features of embolism and 
infarction of the lung, but it should be realized 
that many symptoms are common to both. The 
‘*classical”’ clinical picture of pulmonary throm- 


MARCH, 1958 


413 


boembolism has usually been described as 
precipitate dyspnea, pleuritic or oppressive 
chest pain, and cough and hemoptysis. Although 
this whole symptom complex is often present, 
producing a striking clinical picture, any one 
of the individual symptoms may predominate 


TABLE IV 
OCCASIONAL FEATURES OF PULMONARY VASCULAR 
ACCIDENTS WHICH MAY BE HELPFUL IN 
DIAGNOSIS 


Suggestive Diagnostic Manifestations of Pulmonary 

Thromboembolism: 

Unexplained fever 

Fever not responding to chemotherapy [32,67,87) 

Increase in severity of congestive heart failure [67,87) 

Paroxysmal arrhythmias {83,207} 

Tachycardia, digitalis toxicity and mercurial-fast 
edema in patients with congestive failure [780] 

Unexplained bloody pleural effusion [32,87] 

Appearance of lung abscess on x-ray {34,707} 

Unexplained leukocytosis 


in any given case, and in other instances there 
are no symptoms at all [76,50,87,723). 


PULMONARY EMBOLISM 


Effects of Embolization of the Larger Pulmonary 
Arteries. EEmbolic occlusion of the main pul- 
monary arterial trunks is usually rapidly fatal 
(50,65|. However, in the case of smaller single or 
multiple thromboemboli the ensuing circulatory 
events can be observed. The resulting physiologic 
mechanisms are complex and difficult to de- 
scribe. It is well to remember that the mani- 
festations of embolic episodes are exceedingly 
varied [75]; furthermore, the emboli tend to be 
recurrent 76,65,87, 759,207) so that changing pat- 
terns of symptomatology are evident. Basically, 
the impaction of large emboli elicits responses 
which are almost entirely referable to mechan- 
ical obstruction of blood flow through the lungs. 

Dyspnea is one of the common symptoms of 
pulmonary embolism. It often begins suddenly 
and progresses rapidly to gasping respiration. 
On the other hand, it may be mild and evanes- 
cent. Dyspnea of varying severity was the 
presenting symptom in 25 and 42 per cent of 
cases, respectively, in two series of observations 
[49,59]. Labored breathing may also begin after 
infarction has developed [723]. Miller [723] 
reported that dyspnea occurred as the sole com- 
plaint in 20 per cent of his cases. When shortness 
of breath becomes suddenly manifest in cardiac 
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or bedridden patients, and particularly when 
the dyspnea is disproportionately severe, the 
possibility of pulmonary embolism should be 
entertained [27,67,87]). 

The fundamental mechanism of dyspnea in 
relation to pulmonary arterial occlusion is not 
completely known [20/7]. The difficult breathing 
has been variously explained by anoxia [/33) 
or by reflexogenic effects resulting from stimula- 
tion of receptors in the pulmonary artery, right 
side of the heart and superior vena cava [7/27]. 
In some cases the resultant pulmonary lesion 
becomes analogous to pneumonia, in that anoxia 
occurs from lack of aeration. The resulting 
hyperpnea causes the carbon dioxide tension of 
the arterial blood to fall below normal, produc- 
ing a moderate alkalosis. The respiratory center 
is thus stimulated. Fever, if it occurs, may ac- 
centuate the hyperpnea by increasing the rate of 
tissue oxidation. Among the reflexogenic stimuli 
which possibly contribute to labored respiration 
are those of the Hering-Breuer type. These 
reflexes are actuated by collapse and distention 
of the alveolar spaces and air ducts, so that 
inflation of the lung initiates expiration, and 
deflation inhibits expiration and _ stimulates 
inspiration. It is not unlikely that other reflexes, 
similar to the Hering-Breuer phenomenon, are 
set up in the process of distention of the vascular 
channels from impaction of the embolus itself. 
Finally, the psychological impact of the accident 
is often marked, so that apprehension or fright 
adds to the respiratory distress [ 27,207). 

The appearance of chest pain with embolism 
and infarction of the lung is a symptom of 
importance. Pain was the most frequent com- 
plaint of patients in Sagall’s study [759] of the 
condition, and it was the initial symptom of 
embolism and infarction in 12 and 32 per cent 
of cases, respectively, in other reports [49,59]. In 
some patients, chest pain is not prominent or is 
absent altogether [723]. As a general rule, the 
pain in pulmonary infarction is of pleuritic type 
(759|; in association with embolism, the dis- 
comfort is often substernal and similar to the pain 
of myocardial ischemia [65]. 

The possible causes of substernal discomfort 
in pulmonary embolism are of interest. At one 
time it was considered that embolic impaction 
provoked reflexogenic constriction of the coro- 
nary vasculature, producing myocardial ische- 
mia and pain. However, it is now considered 
more probable that the mechanical block to 
blood flow through the lungs, the lowered blood 
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pressure and the resulting decreased cardiac 
output reduce coronary flow. In addition, pul- 
monary hypertension and distention of the right 
cardiac chambers interfere with the outflow of 
blood from the various coronary venous channels 
| 43,122,189,201,204| and, in turn, impair the 
general coronary circulation. The resulting 
coronary insufficiency is the probable cause of 
the angina-like pain. Other mechanisms of chest 
pain following embolization have been sug- 
gested. The thoracic pain may reside in the 
distention of the pulmonary artery due to the 
embolic obstruction [65,207], since experimental 
evidence indicates that tension applied to arterial 
walls induces severe pain [66,/66|. Pain of anginal 
type has been reported in chronic pulmonary 
hypertension |/86], and it would not be un- 
expected in the course of acute pulmonary 
arterial dilatation from thromboembolism. 

When thromboembolism blocks off the blood 
supply to a large portion of the respiratory tissue, 
hypoxia results and, particularly if associated with 
shock, cyanosis appears. In one study cyanosis 
was present as the initial objective sign of 
embolism in 24 per cent of patients {49}. The 
occurrence of anoxia also has been attributed to 
the opening of pulmonary arteriovenous shunts 
(7/33) or to extreme dilatation of the capillaries 
remaining open and the rapid passage of blood 
through them [798}. 

In many subjects, pulmonary embolism is 
promptly followed by signs of circulatory collapse. 
Evidently the acute impairment of pulmonary 
blood flow, causing critical reduction of left 
ventricular input, induces a decline of the sys- 
temic circulation with resultant cerebral ische- 
mia and shock. Krause and Silverblatt [99| 
emphasized the appearance of restlessness and 
apprehension in over half of their cases, as 
evidence of diminution of the cerebral circula- 
tion. In fact, these symptoms frequently 
preceded other evidence of a major embolic 
catastrophe. Other observers [67,/59] have 
described coma, weakness, profuse sweating and 
convulsions as the outcome of cerebral ischemia 
following pulmonary embolism. Transient loss 
of consciousness, resembling syncope, and loss of 
sphincter control with an overwhelming urge to 
defecate have also been reported [99,723]. In a 
few patients the symptoms of cerebral disorder 
are the only manifestations of the pulmonary 
accident [27,59]. These general symptoms seem 
clearly referable to the inordinate activity of the 
autonomic nervous system that frequently 


AMERICAN JOURNAL OF MEDICINE 


a 


Pulmonary Embolism and Infarction—Parker, Smith 


accompanies critical diminution or failure of the 
circulation to the central nervous system. 

The advent of shock from the embolic assault 
can be sudden and fatal [65]. Shock has been 
reported to occur in as many as 25 per cent of 
patients with pulmonary emboli, and it may be 
the initial sign of the accident [49,59,759]. It is 
understandable that the underlying cause of the 
shock may be mistaken for acute coronary oc- 
clusion {49,759}. Sudden death has been reported 
in from 3 to 14 per cent of cases of thrombo- 
embolism [{59,/23,159}. The mechanisms con- 
cerned in the etiology of circulatory collapse 
are not fully understood. It seems certain that 
abrupt diminution of cardiac output (due to the 
pulmonary obstruction) and right ventricular 
insufficiency are important contributing events. 
In addition, it has been observed time and again 
that critical injury or ischemia of certain organ 
systems will incite marked dilatation of the 
peripheral vasculature and shock. This reaction, 
like that often following myocardial infarction, 
probably takes place through the mediation of 
reflexes. It is presumed that such reflex mecha- 
nisms induce the generalized vasodilatation, 
hypotension and circulatory collapse that may 
ensue. 

Tachycardia is another of the more constant 
signs of pulmonary embolism and infarction. 
Persistent rapid heart rate has been observed 
in the majority of patients with known embolic 
pulmonary disease [32,/23,/59]. Since increase 
in the frequency of heart beat is one of the 
mechanisms for augmentation of cardiac output, 
tachycardia should be expected in the vascular 
collapse, anoxia and fever that commonly 
complicate pulmonary accidents. 

The resultant breakdown in cardiac function 
occasionally provides the most dramatic evi- 
dence of massive embolism. Under the impact of 
the pulmonary hypertension, acute dilatation of the 
right ventricle occurs. The extent and rapidity of 
ventricular embarrassment is directly dependent 
upon the degree of obstruction of the lungs, and 
it is at this point that distention of pulmonary 
arteries and even the normal heart may become 
extreme. The condition is suggested by promi- 
nent pulsation along the right sternal border, 
together with a loud pulmonic second sound, a 
pulmonic systolic murmur and diastolic gallop 
rhythm. Because of the continued venous inflow 
to the heart (unless frank shock has occurred) 
the peripheral venous system becomes engorged, 
and cyanosis is intensified. If massive embolism 
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is sustained, the acute or gradual development of 
right ventricular failure occurs [99,796]. Infre- 
quently, chronic cor pulmonale results from 
repeated pulmonary embolism and _increas- 
ing impedance to blood flow through the 
lungs [45,738]. 

The appearance of paroxysmal cardiac ar- 
rhythmias, particularly auricular fibrillation, 
auricular flutter and supraventricular tachy- 
cardia [83,207], increases the threat of collapse. 
Possibly these are related to marked stimulation 
of the autonomic nervous system in conjunction 
with pre-existing myocardial disease, or the 
anoxia and cardiac strain engendered by the 
embolism itself. 

It is important to appreciate that even the 
most careful physical and laboratory examina- 
tion may reveal no indication of pulmonary 
embolism in many instances. Historical and 
physical evidence of venous thrombosis is evident 
in less than 50 per cent of cases; however, the 
possibility should be carefully explored in any 
patient with presumed pulmonary inflammatory 
disease | 8,32,47,59,67, 123,144,155}. 

Elecrocardiographic Signs. The electrocardio- 
graphic changes in pulmonary embolism have 
been extensively studied [7/0,/77|. Frequent 
tracings are essential if the procedure is to be 
useful [77]. Wolff [207] stated that careful 
electrocardiographic observation will reveal 
transient changes in three-fourths of patients 
with significant embolization. However, Miller 
and Berry [723] have reported important electro- 
cardiographic changes in only fifteen of thirty- 
seven patients. Baker et al. [8] found cardio- 
graphic alterations in 11 per cent of their cases— 
a very low incidence (Figs. 8 and 9.) 

The typical electrocardiographic alterations 
following pulmonary embolism are set forth in 
Table v. It is generally held that the typical 
patterns in embolism are the result of acute 
strain and dilatation of the chambers of the right 
side of the heart [99,/70,/23|. The presence of Q 
waves in leads u and m and AVF, with inverted 
T waves, as may occur with pulmonary em- 
bolism, may erroneously suggest posterior 
myocardial infarction. Karlen and Wolff [89} 
believe that vector cardiography may be useful 
in differentiating these two conditions. 

Radiographic evidence of pulmonary embolism 
(without tissue infarction) is occasionally recog- 
nized by the appearance of abrupt termination 
and dilatation of a large pulmonary arterial 
shadow. In addition, there may be increased 
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Fic. 8. Electrocardiographic tracing demonstrating some of the changes of pul- 
monary embolism. Note S-1, large R wave in lead AVR, incomplete right bundle 
branch block, clockwise rotation of the heart, and deeply inverted T waves in 
' precordial leads V-1 to V-4. (Courtesy Dr. Edward Massie, Heart Station, 


Barnes Hospital.) 


radiolucency of a localized portion of the lung 


field resembling emphysema [762,769,195,200,207). 


The difficulty of recognition of these changes 
is illustrated in an experimental study of chest 
roentgenograms taken before and after emboliza- 
tion of the lungs of animals. There were no 


TABLE V 
ELECTROCARDIOGRAPHIC CHANGES WHICH MAY 
OCCUR FOLLOWING ACUTE PULMONARY 
EMBOLISM 


S ;-O; pattern 

Development of S;, Se, S; 

ST segment depression in leads 1 and 1 

Appearance of right axis deviation and change to vertical 
heart position 

Flat or inverted T waves in leads u and m 

Peaked P waves in leads u, m and AVF 

Development of marked clockwise rotation of the heart 

Appearance of right bundle branch block or right 
ventricular enlargement patterns 

Inverted T waves with ST segment deviations in the right 
precordial leads [77,99] 


radiographic changes of any kind noted after 
the embolism [97]. The essential value of the 
chest roentgenogram has not been fully estab- 
lished in terms of pulmonary embolism without 
infarction; nevertheless, the examination may be 
of occasional worth for the reasons enumerated. 


Angiographic technics have been reported to 
demonstrate dilatation or obstruction of a pul- 
monary artery proximal to an embolus [4,/08). 

The foregoing clinical descriptions apply 
particularly to relatively massive pulmonary 
emboli. The impaction of one or more thrombi 
in the smaller arteries usually incites less violent 
symptoms or none at all. 


PULMONARY INFARCTION 


The conditions for the genesis of lung intfarc- 
tion in man appear to be fundamentally similar 
to those which induce the complication in the 
experimental animal. Embolic arterial obstruc- 
tion leads to hyperemia and edema of the 
lung tissue in man [90,727]. If the general cir- 
culation of the lung has been previously dis- 
turbed, embolism invites the onset of insidious 
necrosis of the parenchyma. The infarcts are 
usually less than 5 cm. in diameter, and are 
roughly triangular in outline with the base at the 
pleural surface. In twenty-four to forty-eight 
hours more or less hemorrhage into the alveolar 
tissue occurs. Thereafter, the affected area be- 
comes distinctly demarcated, hemorrhagic and 
consolidated. On microscopic examination, 
there is some alveolar wall necrosis, so that the 
saccular partitions become shadowy or disap- 
pear. Within a space of two weeks fibroblastic 
repair begins, and new capillaries penetrate 
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Fic. 9. A, electrocardiogram in acute cor pulmonale secondary to 


~ 


nary 


embolism. There is an S-1 Q-3 pattern, large R wave in lead AVR, auricular 
tachycardia, marked clockwise rotation of the heart, and low to absent R waves 
in leads u, mt and AVF which would suggest posterior myocardial infarction if 
pulmonary embolism were not known to be present. B, electrocardiogram of the 
same patient twenty-four hours later. Sinus mechanism has been restored, and 
the record has returned to normal. (Courtesy of Dr. Edward Massie, Heart 


Station, Barnes Hospital.) 


the affected site from the edge. Fibrosis advances 
rapidly, hemorrhage is resorbed, and the 
necrotic tissue is replaced by shrunken fibrotic 
scarring. In some cases all evidences of a previous 
infarct disappear. In other instances pleural 
thickening and adhesions persist as remnants of 
the process [67,90,99,/27]. A recent suggestion 
that proliferation of epithelium on the border of 
pulmonary infarcts may lead to carcinoma of the 
lung requires confirmation [70]. 

Specific Clinical Manifestations of Pulmonary In- 
farction. Clinical evidence of infarction of the 


lungs often appears suddenly. The embolic 
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event which preceded the lesion may or may not 
have excited symptoms in itself. 

The most important symptom of infarction is 
pleuritic chest pain (113] due to fibrinous inflam- 
mation of the contiguous pleurae. The origin of 
this pain is clear. Since the parietal pleura is 
highly sensitive to pain stimuli [26], the develop- 
ment of pleuritis in the process of pulmonary 
necrosis provokes knife-like, cutting pain on 
thoracic movement. The immediate stimulus for 
the sensation is probably tension exerted on the 
affected membrane by fibrinous adhesions. Since 
the more distal bronchi and the lung paren- 
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chyma are known to be entirely devoid of pain 
nerve endings, the sole source of pain from in- 
farction of the lungs is the involvement of the 
pleural membranes as described. Pain and the 
associated chest splinting, together with secre- 
tion and hemorrhage into the alveoli, and cough 
(particularly in extensive infarction), tend to 
limit vital capacity so as to render breathing 
difficult, and certainly less effective. Thus 
dyspnea is a variable manifestation of infarc- 
tion [773,207,204]. 

Hemoptysis formerly was regarded as a domi- 
nantly important sign of infarction but it is less 
frequent than was first believed. Nevertheless, 
the symptom has been reported in 50 and 65 per 
cent of cases respectively of the entity in two 
series |32,773|. In another report, bloody sputum 
was present as the initial symptom in 5 per cent 


of cases [59]. Hemoptysis is probably associated . 


with the hemorrhage present in necrotic lung 
parenchyma [2/,99,204| and from disruption of 
the bronchial vessels. The sputum produced 
shortly after the infarction may be frankly 
bloody. When the blood is mixed with other 
secretions it often assumes the “‘meaty”’ char- 
acter so frequently noted in older descriptions. 
Sputum with dark blood appears during the 
process of healing. 

Cough has been considered one of the less 
prominent symptoms of lung embolism [73]. 
However, in a number of reports it was noted in 
about one-third of cases and was found usually 
to indicate the establishment of tissue infarc- 
tion [99,759}. In these cases the symptom ap- 
parently results from irritation of the bronchial 
mucosa (probably within the area of infarction), 
and from passage of secretions into the normal 
bronchi. The cough may excite intense par- 
oxysms of pain if a fibrinous pleurisy has com- 
plicated the disease. 

Rapid heart action often occurs with pulmonary 
infarction. In fact, the association of tachycardia, 
toxicity to ordinary doses of digitalis, and mer- 
curial-fast edema in patients with congestive 
heart failure has been described as evidence of 
underlying pulmonary infarction [7/80]. The 
factors in the genesis of tachycardia in these 
instances appear to be similar to the mechanisms 
which invoke tachycardia following embolism 
without the occurrence of tissue necrosis. 

Pulmonary vascular accidents are frequently 
complicated by fever [32,759]. Pyrexia usually 
occurs when demonstrable infarction or pneu- 
monitis is present. An associated peripheral 


Pulmonary Embolism and Infarction—Parker, Smith 


phlebitis [204], of course, may incite fever in 
itself. It commonly comes on abruptly and usu- 
ally persists for five to seven days. Unexplained 
fever in a bedfast patient (especially with con- 
gestive failure or after surgery) should suggest 
the possibility of pulmonary infarction. Since 
the fever is essentially a response to tissue necro- 
sis and inflammation, antibiotic treatment is 
generally ineffective [32,67,87}. 

The physical signs of infarction are similar to 
those of pneumonia or atelectasis. Dullness, 
diminished breath sounds and rales are often 
present over the affected regon. In effect, pul- 
monary consolidation [27,32,207| is the common 
denominator in these conditions. Evidence of 
pleural irritation with friction rub may be pres- 
ent [27,759,207|. However, there is frequently a 
surprising paucity of physical findings even when 
there are lesions of large size or of disabling 
symptomatology. 

Leukocytosis and elevated erythrocyte sedi- 
mentation rates are common [32,/23,159,207,204) 
but these phenomena are so frequently present 
in other forms of inflammation as to be of limited 
value. 

The elevation of serum bilirubin (and the 
occurrence of jaundice) occasionally observed 
in pulmonary infarction has been an aspect of 
interest for many years. It is presumed that the 
hemolysis of erythrocytes in the hemorrhagic 
lung infarct is the source of the added bili- 
rubin [/00|. Whatever the mechanism, jaundice 
does not usually appear in these patients unless 
there has been previous hepatic disease, or unless 
there is hepatic damage due to congestion, 
hypoxia or hypotension [32,87,/02,173). A\l- 
though Wolff [207) reported hyperbilirubinemia 
in 50 per cent of cases of pulmonary infarction, 
Chapman [32] found it in only two of twenty 
cases of the disease. Probably the 10 per cent 
incidence of jaundice from necrosis of lung tissue 
is closer to the actual figure. However, a study 
by Kugel and Lichtman [702] indicated that 
94 per cent of cardiac patients with clinical 
jaundice had outspoken pulmonary infarction. 

The serum glutamic oxalacetic transaminase 
determination, introduced as a test for myo- 
cardial infarction, has been applied to experi- 
mental pulmonary infarction. The serum level 
of the enzyme was not found to increase [2}. 
Nevertheless, Ostrow et al. [737] noted a mild 
elevation of transaminase levels in eight of 
fifteen clinical cases of lung infarction. They 
found that the transaminase values were lower 
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Fic. 10. Posteroanterior and lateral chest roentgenograms of a patient who was presumed to have pulmonary infarction 
of the left lower lobe following the sudden onset of chest pain and cough. The film was taken nine days after development 
of symptoms. The mediastinum is shifted to the left, there is evidence of pleural effusion at the left base with elongated 
densities in the lung parenchyma. This film is similar to many roentgenograms obtained from patients in whom necropsy 
examination finally shows the presence of pulmonary infarcts. Some roentgenologists state that the appearance of densi- 
ties in the lung fields which are contiguous with the pleurae, or are associated with pleural effusion (together with 


compatible symptomatology), is presumptive evidence of pulmonary infarction. 


than with myocardial infarction and that the 
occurred comparatively late in the 
course of the pulmonary lesions. The rise of 
serum transaminase was attributed to lung 
necrosis, hemolysis or hepatic damage [ /37). 

Radiological Manifestations. Chapman _ 
and others consider radiographic examination 
to be the most reliable means of diagnosis in 
pulmonary infarction. Chapman was able to 
confirm the diagnosis by thoracic x-ray study in 
nineteen of twenty patients. Short [764] demon- 
strated radiographic evidence of infarction in 
111 of 120 patients. (Fig. 10.) 

The typical picture begins twelve to twenty- 
four hours after the embolism. At this time one or 
more densities of variable size appear in the 
lower lung fields, in conformity with the usual 
sites of impaction of the emboli. The densities 
may be rounded or linear; they are infrequently 
wedge-shaped or triangular. These radiologic 
opacities can be compact and highly opaque, 
or hazy and of indistinct outline so as_to be 
difficult to differentiate from other types of 
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pulmonary consolidation. Clouding of the 
costophrenic angles or frank pleural effusion 
may occur and occasionally obscure the intra- 
pulmonic densities. Elevation of the diaphragm 
and prominent pulmonary vessels may appear 
homolateral to the infarct [72,/73,164,169,207). 
The lung shadows persist for variable periods, 
and in some cases have been visible for nine 
weeks after the embolic assault. Usually the 
x-ray shadows gradually disappear, leaving the 
lung fields either entirely clear or with a persist- 
ent small linear scar to mark the site of the 
former lesion |/64|. The radiological picture of 
solitary pulmonary cavitation may suggest in- 
tarction, since lung abscess may develop during 
the course of necrosis of the parenchyma 
(34,107). 


THROMBOEMBOLISM OF SMALL 
PULMONARY ARTERIES 


In recent years there has been increasing 
interest in embolization due to small or minute 
thrombi. Towbin [784] noted that 31 per cent 
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of patients with pumonary embolism at 
autopsy exhibited occlusions of the tertiary por- 
tions of the arterial tree. The conditions under 
which miliary thrombotic emboli are generated 
are obscure, except in persons with subacute 
bacterial endocarditis of the tricuspid or pul- 
monic valves. Years ago, Méller [726] suggested 
that pressure in the pulmonary vessels can com- 
press large emboli into the smaller vessels or 
reduce the embolus to fragments when it strikes 
valvular bifurcations. Whatever the origin of 
the thrombotic particles, their impaction in the 
finer arteries seems to incite physiological 
responses suggesting pulmonary vascular ob- 
struction. In addition, there has been interest 
in the question of vascular lesions resulting from 
minute thromboemboli. Castleman and Bland 
'29| called attention to the possibility that ob- 
struction of the distal branches of the pulmonary 
arteries may occur over a long period (eight 
years in their case) with gradually developing 
cor pulmonale. They noted also that the patent 
portions of the arteries, proximal to the emboli, 
were covered with intimal atherosclerotic 
plaques. Owen et al. [738] followed up the 
pathological events occurring in the wake of 
small and unrecognized arterial occlusions of the 
lung. Their report included twelve instances of 
multiple obstructions of the arteries. A number 
of these patients, observed clinically over a 
period of weeks, exhibited unremitting conges- 
tive heart failure, frequent cyanosis, dyspnea, 
cough and hemoptysis. The etiologic diagnosis 
was usually unsuspected during life. Their 
observations indicated that emboli of small 
arterial radicles constitute an important cause 
of subacute cor pulmonale, frequently resulting 
in death from intractable congestive failure. 
The emboli of themselves appear to be innocuous 
and it is not until the multiple obstructions 
become numerous that right ventricular func- 
tion deteriorates and circulatory derangements 
occur. 

Other Forms of Miliary Embolizatlon. Another 
type of miliary pulmonary embolism results 
from the entrance of amniotic fluid into the 
maternal venous stream during parturition. 
The accident [776,777] has usually been ob- 
served following complications causing fracture 
or other damage to the placenta. Amniotic fluid 
laden with meconium, squamae, lanugo hairs 
and other debris escapes into the veins through 
the break in the placenta. Shock, intense 
cyanosis and death may rapidly follow. Opinion 
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has been divided as to whether the embolizing 
particles cause widespread mechanical block of 
the finer pulmonary vasculature [5,4] or 
vasoconstriction of the pulmonary arterioles 
generated by anaphylaxis or intravascular 
stimuli from impaction of the particles | /76,/77). 
Whether mechanical occlusion or reflexogenic 
vascular constriction is operative, the ensuing 
circulatory arrest, acute ventricular dilatation, 
peripheral venous congestion and sudden death 
are tell-tale signs of obstruction of the pul- 
monary circulation. This condition is now 
recognized as an important factor in current 
maternal mortality. 

Droplets of fat occasionally invade the venous 
circulation to invoke another form of miliary 
embolism. Fat embolism has usually been ob- 
served following severe trauma or fracture of the 
long bones [| /09,/67|. Some clinicians believe that 
fat metabolism has little if any clinical signifi- 
cance [/6/|; however, other observers 
have noted the precipitate occurrence of shock, 
cyanosis, cough, hyperpnea, anxiety and coma. 
The cerebral manifestations have been at- 
tributed in part to the anoxia resulting from the 
embolism. Love and Stryker |/09| have stated 
that there may be striking changes in the size 
and shape of the fat globules under the force of 
increased pulmonary arterial pressure, reducing 
them to a size which permits their escape 
through the pulmonary capillaries into the 
systemic circulation. Some of the droplets, 
finding their way to the cerebral vasculature, 
produce further circulatory impairment of the 
brain. These authors studied eighteen patients 
with particulate fat embolism; ten of these sub- 
jects were seriously ill and two died. 

A symptomatologic picture similar to that of 
fat embolism has been reported in instances of 
massive and rapid air embolism. The quantity of 
air entering the venous circulation necessary 
to produce significant vascular obstruction in 
the lungs is not precisely known; however, the 
volume sufficient to invoke death from this cause 
appears to be about 350 cc. introduced rapidly 
(7,67|. Air embolism is most common in surgical 
operations of the neck or chest; occasionally it 
follows diagnostic or therapeutic air injections or 
intravenous infusions [7]. Therapy must be 
carried out at once. Patients should be placed in 
a reclining position with the left side down, and 
aspiration of air from the right ventricle may be 
necessary if there is evidence of progressive cir- 
culatory occlusion [53]. 
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RECOGNITION OF PULMONARY EMBOLISM 
AND INFARCTION 


From the experimental and clinical informa- 
tion at hand, it is apparent that a multiplicity 
of physiologic events is set into operation by 
pulmonary embolism, and its possible sequel, 
infarction. Therefore, it is not surprising that the 
resultant array of symptoms may overlap with 
those of other cardiac and pulmonary disorders, 
so that the clinical differentiation often becomes 
difficult. As a matter of fact, it has been reported 
that, of cases of pulmonary embolism at autopsy, 
the correct diagnosis had been made in only 20 
to 50 per cent of the patients during life 
|8,59,65, 123,155. The two diseases for which pul- 
monary infarction is most frequently mistaken 
are pneumonia and myocardial infarction 
| 59,123,193,201}. Certain cases of congestive 
heart failure, and other forms of pulmonary 
disease (especially atelectasis, pleurisy, pneu- 
mothorax, pulmonary neoplasm, and _infec- 
tion such as tuberculosis) are often mani- 
fested by very similar symptom complexes 
(21,32,50,67,159,164\. In addition, primary pul- 
monary artery thrombosis is occasionally in- 
distinguishable from pulmonary embolism. This 
uncommon disease process may cause such 
extensive thrombotic occlusion of the pulmonary 
arteries as to incite intractable right heart fail- 
ure with severe dyspnea or to resemble acute 
massive embolism {9,95,776). 

It has been difficult to establish accurate 
estimates of the mortality rate of patients with 
thromboembolism of the lung because the 
clinical diagnosis is frequently obscure. Barker 
and his associates {/2| found a death rate of 38 
per cent in a study of 879 cases. Macleod and 
Grant [773] and Bryne [24] reported a mortality 
of approximately 20 per cent, the latter study 
comprising more than 700 instances of embolic 
accidents to the lungs. Of the patients who died, 
Byrne noted that 84 per cent succumbed with 
the first episode. Wolff [207| has emphasized 
that the likelihood of fatality is increased with 
succeeding embolic attacks. The immediate 
cause of death is usually related to acute cir- 
culatory collapse or from overwhelming strain 
and failure of the right ventricle due to pul- 
monary arterial occlusion [/22]. Many patients 
become comatose preceding death [7]. In pa- 
tients who survive the acute effects of the em- 
bolic process, the general prognosis is related 
to the underlying disease [772] and particu- 
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larly to the form and severity of existing heart 
disease. 


BRIEF COMMENT ON THERAPY 


Because of the anatomical and physiological 
peculiarities of pulmonary embolism, the princi- 
ples of therapy must include support of the 
circulation and the suppression of complications 
until the embolus and resultant infarct are 
disposed of in the process of healing. From the 
data presented, it is evident that in patients with 
pulmonary embolism (with or without infarc- 
tion) the diagnosis may be confused with acute 
myocardial infarction or pneumonia. It is 
fortunate that the general supportive measures 
are effectively applicable to any of these condi- 
tions until the diagnosis becomes clear. The 
treatment procedures are well known and will 
be mentioned briefly to indicate their value. 

The fear and discomfort following an embolic 
assault often respond to the administration of 
morphine or demerol® [67,67,83,207|. In some 
instances these drugs produce a surprising relief 
of distress. The use of oxygen to reduce anoxia, 
especially in cyanotic patients or in_ those 
with vascular collapse, hardly needs comment 
| 21,61,67,83,201,204\|. The advent of shock is 
always an alarming complication requiring 
prompt treatment with  L-norepinephrine 
'67,173,179|. The use of atropine and papaverine 
has been advocated to countermand pulmonary 
vasoconstriction [27,48,67,207|; however, the 
efficacy of these drugs in the management of this 
disease has been questioned [67,79]. The ad- 
ministration of theophylline ethylene-diamine 
(aminophylline) frequently is effective in reduc- 
ing dyspnea [83,204]. In parallel with this 
response, aminophylline also has a direct 
stimulatory action upon the myocardium in 
producing increased force of systolic contraction 
|175|. The salutary effects of this drug in heart 
failure resemble those of digitalis. It is well 
known that when myocardial failure occurs 
in consequence of increased pulmonary arterial 
resistance from lung emboli, the administration 
of digitalis often will not improve function of the 
heart [207], but when pulmonary embolism is 
complicated by heart failure from intrinsic 
myocardial disease the use of digitalis may be of 
signal benefit. Under the conditions of pulmo- 
nary hypertension from embolism, venesection 
may be dangerous [48] as the procedure can lead 
to further reduction of cardiac output. 

The administration of antibiotics to prevent 
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secondary infection of the lungs, especially in the 
presence of infarction, is advisable [67,83,772]. 

Many physicians now believe that anti- 
coagulant therapy should be initiated as soon 
as the diagnosis of pulmonary embolism or 
infarction has been made, even in the presence 
of pulmonary hemorrhage. The rationale of 
anticoagulation rests largely upon the premise 
that repeated embolism in these patients en- 
hances the probability of fatal outcome [207]. 
Prompt anticoagulation entails the admuinistra- 
tion of heparin, after which one of the coumarin 
drugs may be employed [47,79,83,207]. 

Embolectomy, and stellate block have been 
performed for recognized large pulmonary 
embolism | 76,56,73). 

Prevention of Thromboembolism. Although ve- 
nous ligation for the control of repeated embo- 
lism from thrombi in the lower extremities has 
its enthusiastic advocates [24], there are many 
clinicians who advise the procedure less often 
than formerly [46,/07,123,156,204|. Inferior vena 
caval ligation is more effective in the prevention 
of thromboemboli than is femoral ligation 
'46,156| although the caval ligature is apt to be 
followed by rather disabling complications of 
edema, cutaneous ulceration, weakness and pain 
in the extremities. In fact, these distressing 
sequelae (in varying severity) have been observed 
in more than one-half of the cases in which the 
operation was employed [20,204|. Most physi- 
cians administer anticoagulant treatment in 
patients with outspoken phlebitis or in those 
with suggestive evidence of pulmonary em- 
bolism. Caval ligation then is reserved for the 
cases in which anticoagulant therapy is con- 
traindicated or in which repeated pulmonary 
embolism occurs in spite of adequately lowered 
blood coagulability [20,207]. 

In general, measures such as early ambulation 
designed to prevent the formation and dis- 
semination of venous thromboemboli have been 
disappointing [47,107,147]. Nevertheless, there 
are few situations in medicine in which sensible 
treatment, which anticipates thromboembolic 
accidents, is more necessary than in the bedfast 
debilitated patient, the postoperative patient, or 
patients with cardiac disease. 
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HE importance of the liver in the main- 
4 Sposa of a normal metabolic pattern can 
hardly be overestimated. In the absence of this 
organ, protein is not broken down to serve as a 
source of energy; the formation of phospholipids 
and sterol esters ceases; the maintenance of 
normal body temperature becomes impossible: 
the blood glucose concentration falls to a low 
level; and many other metabolic derangements 
occur so that the organism dies. Fortunately, the 
mass of liver cells in the human being is so great 
that a large reserve protects the individual 
against liver failure until most of the cells have 
been damaged. If the damage is acute and re- 
versible, the effects are transient and variable. 
The derangements of metabolism seen in acute 
hepatitis, for example, are temporary and usually 
mild; they represent the results of moderate 
damage to almost all the cells of the liver 
so that the mass of cells is not greatly diminished. 
Healing is usually sufhciently complete to pre- 
vent the persistence of any of the metabolic 
abnormalities to be discussed subsequently. 
For this reason, the present discussion will ignore, 
for the most part, the derangements observed in 
acute reversible liver disease, and will focus its 
attention upon those disturbances which result 
from destruction of large portions of the organ. 
Progressive posthepatitis necrosis and Laennec’s 
cirrhosis are examples of the _ pathological 
processes which ultimately destroy enough liver 
tissue to produce serious, relatively irreversible 
metabolic derangements. 

The abnormalities to be discussed are there- 
fore chiefly quantitative (i.e., a result of reduced 
liver capacity); with few exceptions, the meta- 
bolic processes in the diseased liver are quali- 
tatively normal. In these diseases, however, the 
primary effects of hepatic insufficiency are 


usually complicated by malnutrition which, in 
turn, aggravates the degeneration of the liver. 

Obstruction to the flow of bile from the liver 
produces striking alterations in the metabolism 
of the bile pigments and bile acids; however, 
since these are discussed elsewhere in_ this 
symposium, the abnormalities observed in 
biliary obstruction will be discussed only in 
relation to other metabolic disorders. 

Claude Bernard’s observation that the liver 
releases glucose into the blood was the first 
important hint of the physiological function of 
the liver. Since this discovery, the role of the 
liver in stabilizing the blood glucose has been 
emphasized repeatedly. When the blood glucose 
is elevated, the liver (along with other tissues) 
takes up glucose. The capacity of the splanchnic 
system (liver, spleen and gastrointestinal tract) 
to trap glucose is normally sufficient to dispose 
of large glucose loads |/,2|. The peak glucose 
uptake by the splanchnic system is usually more 
than enough to account for the total rate of 
glucose disappearance from the blood. (Table 1.) 
This does not mean to imply that most of the 
glucose removed from the blood goes to the 
splanchnic system, since it is well recognized that 
a large part of this glucose enters other organs as 
well as the muscle and fat cells of the periphery. 
The splanchnic “peak uptake” is probably 
sustained for only a brief period. 

The glucose trapped by the liver enters a vari- 
ety of reactions which result in its storage as 
glycogen, or its dissimulation via either anaero- 
bic (Meyerhoff-Embden) or aerobic pathways. 
In the course of its oxidative metabolism, glucose 
gives rise to pentoses [3] and, indirectly, to a 
variety of important compounds such as purines 
|4|. An important by-product of the oxidation of 
glucose-6-phosphate to 6-phosphogluconic acid 


* From the Department of Medicine, Yale University School of Medicine, New Haven, Connecticut. 
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is the production of the reduced form of tri- 
phosphopyridine nucleotide (TPN-H). A dif- 
ferent type of oxidation results in the formation 
of glucuronic acid [5] for conjugation with a 
variety of substances prior to their urinary 
excretion. These relationships are presented 
schematically in Figure 1. 


TPN ——» TPN-H 
GLUCOSE —* GLUCOSE -6-PQ, —» 6-PHOSPHO- 
GLUCONATE 


| 


GLUCURONIC PENTOSE PHOSPHATE 


ACID 
CONJUGATES 
PYRUVATE 


Fic. 1. Some of the pathways of glucose metabolism in 
the liver. (Many intermediate steps have been omitted.) 


PURINES 


A large part of the glucose taken-up by the 
liver is converted to fatty acids. This conversion 
depends on the continuing presence of an active 
glucose breakdown system. The reason for this 
dependence is not altogether clear, but it may 
reflect the need for oxidative processes elsewhere 
to provide TPN-H needed for the reduction of 
glucose to fatty acids [6}. 


TABLE 1 
REMOVAL OF GLUCOSE BY THE SPLANCHNIC SYSTEM IN MAN 


| 

Arterial Glucose | Splanchnic Glu- 
Concentration | cose Uptake 
(mg./100 ml.) (mg./kg./min.)* 


Calculated Glu- 
cose Disposal 
Rate 
(mg./kg./min.) f 


270 7.8 | 3.3 
304 6.9 | 3.7 
369 5.9 | 4.5 
445 10.7 | 5.3 


* Calculated by multiplying the arteriohepatic venous 
glucose difference by the estimated hepatic blood flow [2]. 

t Calculated by assuming the removal of 4 per cent of 
the arterial glucose per minute, and the distribution of 
glucose equally throughout the extracellular water. 


The maintenance of a normal blood glucose 


level during fasting requires constant addition of 
glucose to the blood to replace that which is 
withdrawn by the peripheral tissues for their use. 
Although smail amounts of glucose can be 
secreted into the blood by the kidney [7], the 
amount thus released is negligible. Other periph- 
eral tissues are unable to release glucose because 
they lack the enzyme _ glucose-6-phosphatase. 
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Consequently, the major burden of maintaining 
the blood glucose at a normal concentration dur- 
ing fasting falls on the liver. Since ingested 
carbohydrate is normally completely cleared 
from the blood within two hours after a meal, the 
liver may secrete glucose into the blood for as 
much as eighteen hours a day. This glucose is 


GALACTOSE 
GLY N 


GLUCOSE 


GLYCEROL 


TRIGLYCERIDE 


NH, FATTY ACIDS 


AMINO ACIOS 


Fic. 2. Sources of glucose in the liver. (In the interest of 
simplicity many intermediate steps have been omitted, 
and the reversible reactions are not so indicated.) 


derived in part from ingested glucose, which has 
been stored as glycogen, in part from other 
hexoses which have been converted to glycogen, 
and in part from other glucose precursors such 
as amino acids, pentoses and glycerol which may 
be converted to glucose by the interchanges of 
the anaerobic and aerobic glycolytic pathways. 
(Fig. 2.) Since the quantity of glycogen stored 
in the normal postprandial human liver is 
probably not more than 4 per cent of the weight 
of the organ [8,9], only about 75 gm. of glycogen 
is available for maintenance of the blood sugar 
level during fasting. The rate of glucose secre- 
tion, which is similar in the various fasting mam- 
mals studied to date, approximates 3 mg./kg./ 
minute or 12 gm./hour for a man weighing 
70 kg. If one can assume that this rate is con- 
stant during the night, the quantity of glycogen 
stored in the liver is obviously not sufficient to 
supply the amount of glucose required during 
the twelve hours or more of nightly fasting. 
Thus the conversion of amino acids and other 
precursors to glucose is a necessary step in the 
maintenance of normal blood glucose concentra- 
tion by the liver. If the processing of glucose 
precursors is seriously delayed, it may be 
difficult to maintain a normal blood sugar 
concentration. 

In liver disease, maintenance of the normal 
blood glucose concentration may be impaired 
because of a reduction in the glycogen stores and 
in the rate at which glucose precursors can be 
metabolized. The fact that the bulk of glycogen 
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in the cirrhotic liver is reduced has been demon- 
strated repeatedly by tests of the ability of the 
liver to raise the blood glucose concentration 
after the administration of glycogenolytic sub- 
stances such as epinephrine [70-73] or glucagon 
|74,15|. The tests can be made more elegant by 


TABLE 
GLUCOSE TOLERANCE IN CIRRHOSIS OF THE LIVER* 


| 
Cirrhosis 


Author Normal 


9.6 +2 mg./kg./ 
_ minute cleared 
from blood 
(2.2 + 0.8 per cent 
of capillary 
_ blood glucose fall 
| | per minute 
Campbell [76]. ..| Below 110 mg. % | 3/25 elevated 
at 120 minutes 


+ 
N 


Danowski [75]...| 12.2 


Amatuzio [75]. . .| 


* All tests were performed after the injection of a glu- 
cose load intravenously. 


measuring the appearance of glucose in the 
hepatic venous blood, obtained by catheteriza- 
tion {76}. Similar results have been obtained by 
depleting the liver glycogen by starving phlo- 
rhizinized human subjects [77]. In all these 
experiments, cirrhotic livers have released less 
glucose than normal livers. The defect is proba- 
bly a result of a reduced mass of cells rather than 
a reduced glycogen concentration in each cell, 
since the concentration of glycogen in liver 
biopsy specimens from cirrhotic subjects has 
been found not to be significantly less than in 
normal subjects [78], when the glycogen is 
estimated densitometrically from stained histo- 
logical preparations and areas of fibrosis are 
excluded [9]. 

Hexoses other than glucose are rapidly con- 
verted to glycogen or glucose-6-phosphate in the 
normal liver. (Fig. 2.) As a result, galactose and 
fructose can usually be used as nutritional 
substitutes for glucose. In cirrhosis, however, 
galactose is metabolized more slowly than nor- 
mal [79] and the disappearance of fructose from 
the blood may be somewhat delayed [20]. The 
delayed conversion of galactose by the liver has 
been recognized for many years, and is the 
basis of the galactose tolerance test for liver 
dysfunction. 

Since the glycogen reserves are reduced in 
cirrhosis, there is an increased dependence on 
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gluconeogenesis. This implies an increase in the 
rate of protein breakdown which will be dis- 
cussed in detail subsequently. 

In view of these considerations, one might 
expect that hypoglycemia would be an impor- 
tant problem in patients with liver disease. In 
patients with certain types of hepatic carcinoma 
it may indeed be a frequent complication [2/}. 
The fact that it is actually rather a rare finding 
in cirrhosis [22] attests in part to the reserve 
power of the liver; but it may also reflect other 
factors. It has been suggested that the liver may 
in some way accelerate the utilization of glucose 
in the periphery [23|. Schwartz has recently 
isolated and partially purified a material from 
the liver which increases the rate at which 
glucose leaves the blood and enters the periph- 
eral tissues [24]. The demands for glucose 
secretion by the cirrhotic liver may, therefore, 
be less than those by the normal liver. In support 
of this interpretation is Myers’ observation [25] 
that the rate of glucose secretion in fasting 
cirrhotic patients was less than in normal con- 
trol subjects, although the arterial glucose 
concentrations were the same. Moreover, pa- 
tients with liver failure are often anorectic, so 
that their carbohydrate metabolism has some of 
the features of “‘starvation diabetes.” 

Although spontaneous hypoglycemia is rare 
in liver failure, one might expect to find a 
reduced glucose tolerance because of the factors 
tending to reduce peripheral glucose utilization 


just mentioned, combined with the reduced 


ability of the failing liver to trap carbohydrate. 
Abnormalities of the glucose tolerance test have 
frequently been described in patients with liver 
disease, but evaluation of these changes depends 
on the type of test used. Oral glucose loads are 
deceptive because they fail to take into account 
abnormalities of absorption which may occur 
in this disease. When the glucose load is given 
intravenously, a considerable portion of patients 
clear the glucose from their blood more slowly 
than normal. (Table u.) The degree of hyper- 
glycemia thus produced rarely is high enough to 
produce glycosuria and the other metabolic 
abnormalities characteristic of diabetes are 
absent. The fasting blood glucose concentration 
is not elevated. 

The quantitative importance of the phos- 
phogluconate oxidative pathway [3] in car- 
bohydrate metabolism in the normal human 
liver is not entirely certain. Various estimates 
of the fraction of glucose which is dissimulated 
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via this series of reactions in the livers of experi- 
mental animals vary from less than 10 to over 
50 per cent {26-29}. No direct quantitative 
observations have as yet been made in human 
beings. It seems likely, however, that the path- 
way is active in human tissues { 20,30] and that it 
may become deranged in liver disease {75,79}. It 
is possible that a variety of disturbances common 
in severe liver disease may be traced to abnormal- 
ities of this series of reactions. For example, the 
reduction of the double bond between carbons 4 
and 5 in the corticosteroid nucleus, which is 
slowed in patients with liver disease [37,32], 
depends on the presence of adequate amounts 
of TPN-H [33] which, as has previously been 
mentioned, is produced by the oxidation of 
glucose-6-phosphate to 6-phosphogluconate (Fig. 
1), as well as by other reactions. The defective 
synthesis of fatty acids in liver disease may also 
depend in part on the absence of adequate TPN-H 
.6|. The production of pentose as a precursor 
of pentose nucleic acids probably depends on this 
pathway; moreover, ribose-5-phosphate, one of 
the intermediates in the sequence of changes, is a 
component of the first step in the synthesis of 
purines [4]. The clinical importance of these 
observations remains to be determined; but the 
possibility that certain of the refractory macro- 
cytic anemias of hepatic failure may reflect these 
relationships seems worth further consideration. 

When a glucose load is given to a normal per- 
son, the quantity of certain intermediate deriva- 
tives in the plasma increases. Among the sub- 
stances thus increased are pyruvic, lactic and 
alpha-ketoglutaric acids. In patients with liver 
failure, the rise of these substances after carbo- 
hydrate administration is exaggerated [34-38]. 
The cause of this increased response is not clear, 
but one possible explanation is that the injection 
of glucose increases the quantity of intermediates 
passing down the anaerobic glycolytic pathway 
into the tricarboxylic acid cycle to such an 
extent that it exceeds the capacity of this system, 
thus permitting some of the overload to spill out 
into the plasma. 

As has previously been mentioned, amino 
acids are continuously deaminated to serve as 
sources of energy. The chief organ concerned in 
this process is the liver; indeed, in animals after 
experimental hepatectomy the constant normal 
breakdown of tissue proteins causes a progressive 
rise of plasma amino acids. In very severe liver 
failure, the plasma alpha-amino nitrogen concen- 
tration may therefore be elevated and free amino 
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acids may appear in the urine in increased quan- 
tities [39]. 

The pathways by which amino acids are 
normally deaminated are shown in Figure 3. 
The final common pathway by which the liver 
disposes of amino nitrogen is by way of glutamic 


AMINO ACID or NH, KETO ACID 
+ - 
o KETOGLUTARATIE 
AMINO ACID 
CITRULLINE 

OXALOACE TATE 
ASPARTATE 
KETO ai ARGININE 


Fic. 3. Pathways by which amino acids are deaminated 
and urea formed in the liver. The compounds in heavy 
type are intermediates in the tricarboxylic acid cycle. The 
reversible nature of the transamination reactions has not 
been indicated. 


acid and the formation of urea. If the capacity 
of this system is diminished, some of the amino 
nitrogen enters the blood as ammonium ion 
rather than as urea. Moreover, the continuing 
presence of excess ammonium might be expected 
to reduce the rate at which glutamic acid is 
deaminated, thus reducing the quantity of. 
alpha-ketoglutarate available for the functioning 
of the tricarboxylic acid cycle {40}. Since the in- 
tegrity of this cycle is necessary for the function- 
ing of the urea synthesis mechanism [47] the 
defect would tend to perpetuate itself. 

Although a considerable portion of the am- 
monium load arises from hepatic deamination 
reactions, a significant amount of extrahepatic 
ammonium production occurs as a result of 
gastrointestinal bacterial activity [42]. Ordi- 
narily this ammonium is carried to the liver 
in the portal vein and there it is completely 
trapped, but when the liver’s ability to convert 
ammonium to urea is impaired, or when col- 
lateral circulatory changes permit intestinal 
venous blood to enter the systemic circulation 
without passing through the liver, the additional 
burden of ammonia of intestinal origin may 
cause a rise in the plasma ammonium concen- 
tration. With this thought in mind, the use of 
antibiotics to inhibit intestinal bacterial growth 
has been suggested [38,43,44] as a way of treating 
patients with symptoms attributed to ammonia 
toxicity. 
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These theoretical considerations find clinical 
expression in certain serious derangements of the 
protein metabolism of patients with liver failure, 
who may tolerate nitrogen-containing foods 
poorly. A high protein-diet may precipitate 
increasing lethargy, neurological disturbances 
and ultimately coma [45,46]. In such patients, 
the volatile base content of alkalinized plasma is 
often increased, a finding which is usually 
interpreted as an indication that the plasma 
ammonium is elevated. The mechanism by 
which the elevation of blood “‘ammonium””’ is 
associated with neurological deterioration is not 
clear. Some are of the opinion [47] that the 
ammonium itself is toxic; others suggest that the 
abnormalities of alpha-ketoglutarate and glu- 
tamic acid metabolism which are reflected in 
the plasma ammonium are the cause [48]. The 
fact that correlation between plasma ammonium 
and the level of consciousness is not always good 
has suggested to some that there may be only a 
very indirect connection between the two [38]. 
One possible explanation for this discrepancy 
may lie in the suggestion that it is not the am- 
monium ion but the free ammonia which. is 
toxic. Ammonium dissociates to ammonia in the 
following manner: 


NH, + OH- = NH; + HOH 


so that any increase in the concentration of OH~ 
(or rise of pH) will tend to drive the equilibrium 
to the right and increase the ammonia con- 
centration {|49]. Since alkalosis is not uncommon 
in liver failure [50], measurement of “am- 
monium” alone may not give enough data to 
make possible a correlation between the mean- 
ingful fraction of ammonium and the degree of 
neurological impairment. 

Numerous attempts have been made to cor- 
rect the defect in amino acid metabolism. Of 
these, the administration of glutamic acid (to 
trap excess ammonium as glutamine) [57—53} has 
had the widest trial. The use of arginine, to 
“prime”’ the urea synthetic mechanism, has 
also been suggested since this amino acid pre- 
vents the acute rise of plasma ammonium which 
follows the intravenous injection of mixed 
amino acids [54-56]. It is still questionable 
whether or not these maneuvers actually im- 
prove the prognosis of the patients. 

When the plasma ammonium concentration is 
elevated, this substance is removed from the 
plasma by many of the peripheral tissues, in- 
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cluding the brain. This fact has suggested that 
the primary difficulty in cerebral metabolism 
may be a deficiency in the brain of alpha-keto- 
glutarate which is decreased by reacting with 
ammonia to form glutamic acid [4,48]. This 
would be expected to inhibit the activity of 
the Krebs tricarboxylic acid cycle and thus re- 
duce the energy available for the normal activity 
of the brain. 

In liver failure, anabolism of proteins is dis- 
turbed as well as catabolism. Most patients with 
serious hepatic derangement have a history of 
anorexia and partial undernutrition. In some 
instances (for example, in alcoholic subjects) 
this malnutrition may be of long duration. 
Consequently, the raw materials for protein 
synthesis may be available only in_ limited 
quantities. Even minor abnormalities of liver 
function, moreover, are manifested by abnormal 
protein synthesis. Tests of altered plasma pro- 
tein patterns such as the thymol turbidity or 
cephalin flocculation tests rely on these ab- 
normalities to indicate the presence of abnormal 
liver function. When the functional derangement 
is severe, the pattern of plasma proteins may be 
so distorted that it becomes obvious on examina- 
tion by one of the protein fractionating pro- 
cedures such as paper electrophoresis |57|}. The 
most obvious and striking change usually is a 
reduction in plasma albumin. Globulins are 
often increased, and the pattern of increase is 
not uniform, so that the distribution of proteins 
in the various categories may become bizarre. 
The concentrations of certain specific proteins 
such as ceruloplasmin [58] and zinc-protein 
enzymes | 59| are also altered. Estimates of plasma 
protein synthesis in liver disease have led to the 
conclusion that the turnover of the various 
proteins is altered in patients with cirrhosis [60]. 

The physician treating a patient with liver 
failure must recognize the contradictory prob- 
lems raised by intolerance for proteins and the 
need for protein re-alimentation. Fortunately, 
only in the last stages of liver failure is the toler- 
ance for proteins so small that reasonably ade- 
quate quantities of this nutriment cannot be 
tolerated. When adequate amounts of protein 
are given together with sufficient non-protein 
calories to “spare’’ the dietary protein from 
immediate deamination, many of the disabilities 
of hepatic failure may be reversed. The hypo- 
proteinemia, ascites and edema may improve, 
the blood vessels and other tissues may become 
less fragile, and the patient’s sense of well-being 
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may return. In association with these changes, 
biochemical improvements may also become 
manifest: the plasma protein pattern may return 
toward normal; the tolerance for amino acids 
and for glucose may improve; and the deranged 
intermediary metabolism of a variety of sub- 
stances such as galactose, bile acids and pig- 
ments, and various hormones including the 
steroids and thyroxine may return toward nor- 
mal. The salutary effects of high protein feeding 
have been emphasized by Patek et al. {67}. 

The liver plays a major part in the synthesis 
and transport of lipids. Triglycerides, for exam- 
ple, are carried in the plasma chiefly in the form 
of lipoproteins. These substances appear to be 
synthesized, in part at least, in the liver. In 
patients with liver failure associated with biliary 
cirrhosis the pattern of lipoproteins in the plasma 
is altered (62,63). Part of the plasma triglycerides 
are normally broken down to unesterified fatty 
acids, which promptly attach themselves to albu- 
min. In the absence of adequate supplies of this 
protein the ability of the body to clear triglyc- 
erides from the blood [64] may be reduced. As a 
consequence, these substances may accumulate in 
the plasma in excessive quantities after a meal 
high in fat. If enough triglycerides appear in the 
plasma, they form aggregates large enough to 
scatter light and produce a milky appearance in 
the plasma [65|. Since a low plasma albumin 
concentration often occurs in liver failure, one 
might expect the plasma to become lactescent 
after a meal high in fat. If the patient eats spar- 
ingly, however, lactescence may not be seen; and 
in most patients with advanced liver failure 
anorexia prevents ingestion of enough fat to 
produce milky plasma. 

Phospholipids are also produced and de- 
stroyed chiefly in the liver [66,67]. In liver fail- 
ure, therefore, the quantity of these materials 
in the plasma is usually reduced. Cholesterol 
also is formed in the liver and the sterol thus 
formed passes freely into the plasma [68]. The 
failing liver synthesizes less cholesterol than 
normal. As a result, there is often a reduction of 
both plasma cholesterol and phospholipid con- 
centration although the ratio of non-esterified 
cholesterol to phospholipid usually remains 
normal [69]. Under normal conditions, the liver 
esterifies cholesterol with fatty acids (chiefly 
linoleic and oleic acids) [70]; this function is 
reduced early in liver failure so that the portion 
of the total plasma cholesterol which is esterified 
falls [69]. The combination of low cholesterol 
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with a high unesterified fraction is, therefore, 
characteristic of liver failure {69}. 

A considerable portion of the cholesterol in the 
plasma is ultimately secreted into the bile, to- 
gether with the chief degradation product of 
cholesterol, the bile acids {77}. When biliary 
obstruction occurs, this secretion cannot occur at 
a normal rate, and consequently, the plasma 
cholesterol and bile acid concentrations rise. 
The rise in bile acids may aggravate the hyper- 
lipemia [72]. This rise is maintained as long as 
the ability of the hepatic cells to synthesize and 
metabolize cholesterol continues unimpaired. 
If the liver parenchyma suffers from the results 
of long-standing biliary obstruction, the pattern 
may be blurred by the superimposed reduction 
of cholesterol synthesis resulting from hepato- 
cellular damage. 

In addition to its central role in the metabo- 
lism of carbohydrate, protein and fat, the liver 
plays an important part in the normal metabo- 
lism of many other substances. Space does not 
permit a complete rehearsal of the derangements 
which occur in these functions when the liver 
fails, but a few may be mentioned. The impor- 
tance of the liver in the reduction of adreno- 
corticoids has already been mentioned; similar 
important modifications take place in the struc- 
ture of other steroids, including the androgens, 
estrogens and progestins. Among the amino acids 
which are catabolized in the liver, the thyroid 
hormones are especially interesting for they, like 
the steroids, are partially inactivated in the liver 
and also are conjugated there to forms suitable 
for biliary excretion |73]. Conjugation, especially 
with glycine, sulfate and glucuronic acid, is an 
important method for disposal of sparingly 
soluble materials. The steroids, bile acids and 
certain aromatic compounds used as_phar- 
maceuticals are among the materials the excre- 
tion of which depends on the ability of the liver 
to form soluble conjugates; indeed, the ability 
of the liver to conjugate benzoic acid with 
glycine to form hippuric acid has long been used 
as a test of liver function. The gynecomastia 
and testicular atrophy of liver failure have been 
blamed on the failure of the liver to inactivate 
estrogens normally. The pigmentation of the 
skin sometimes seen in patients with liver failure 
may reflect the fact that the melanocyte- 
stimulating hormone of the pituitary normally is 
destroyed in the liver [74]. 

The metabolic abnormalities occurring in 
liver failure touch on every aspect of human 
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physiology. This review can give only a rough 
indication of the complexity of the interrelated 
problems arising from these disturbances. 


REFERENCES 


No attempt has been made, in this bibliog- 
raphy, either to document statements which are 
presented in extenso in most textbooks of bio- 
chemistry, or to list all the pertinent literature. 


Soskin, S., Essex, H. E., Herrick, J. F. and Mann, 
F. C. The mechanism of regulation of the blood 
sugar by the liver. Am. J. Physiol., 124: 448, 1938. 

. Bonpy, P. K., James, D. F. and Farrar, B. W. 

Studies of the role of the liver in human carbo- 
hydrate metabolism by the venous catheter technic. 
1. Normal subjects under fasting conditions and fol- 
lowing the injection of glucose. J. Clin. Investiga- 
tion, 28: 238, 1949. 
3. Horecker, B. L. and Meurer, A. H. Carbohydrate 
metabolism. Ann. Rev. Biochem., 24: 207, 1955. 
4. BucHanan, J. M., Fraxs, J. G., Hartman, S. C., 
LEVENBERG, B., Lukens, L. N. and Warren, L. 
The enzymatic synthesis of inosinic acid de novo. 
In: Ciba Foundation Symposium on the Chemistry 
and Biology of Purines, p. 233. Edited by Wolsten- 
holme, G. E. and O’Connor, C. M. Boston, 1957. 
Little, Brown & Co. 
IssELBACHER, D. J. Mechanism of hormonal glu- 
- curonide formation. Recent Prog. Horm. Res., 12: 
134, 1956. 
6. Lanepon, R. G. The biosynthesis of fatty acids in rat 
liver. J. Biol. Chem., 226: 615, 1957. 

7. Roperts, S. and Samuens, L. T. Fasting and glu- 
coneogenesis in the kidney of the eviscerated rat. 
Am. J. Physiol., 142: 240, 1944. 

8. Hiipes, J. A., S. and Waxsne, V. Liver 
and muscle glycogen in norma! subjects, in dia- 
betes mellitus and in acute hepatitis. 1. Under basal 
conditions. Clin. Sc., 7: 287, 1949. 

9. Bonpy, P. K., SHertpon, W. H. and Evans, L. D. 
Changes in liver glycogen studied by the needle 
aspiration technic in patients with diabetic ketosis. 
With a method for the estimation of glycogen from 
histologic preparations. J. Clin. Investigation, 28: 
1216, 1949. 

10. Britt, S. and Frrz-Hicu, T., Jr. Epinephrine glyco- 
genolysis as a test for liver function. Arch. Path., 5: 
1148, 1928. 

11. Logs, R. F., Reeves, E. B. and Grasier, H. P. 
Responses to the injection ofepinephrine in hepatic 
disease. J. Clin. Investigation, 10: 19, 1931. 

12. Leevy, C. M., Frveserc, J. C., Wuire, T. J. and 
Gwnassi, A. M. Hyperglycemia and glycosuria in 
the chronic alcoholic with hepatic eaenny. 
Am. J. M. Sc., 223: 88, 1952. 

13. Kinser, L. W., "MICHAELS, G. D., Wess, H. A. and 
Barton, H. L. Studies in hepatic glycogen storage. 
1. Adrenalin induced hyperglycemia as an index of 
liver function. Am. J. M. Sc., 217: 554, 1949. 

14. Van T. B. and Bent.tey, W. B. A. Gluca- 

gon-induced hyperglycemia as an index of liver 

function. J. Clin. Investigation, 34: 1730, 1955. 


~ 


in Liver Disease— Bondy 


15. 


16. 


29. 


30. 


31. 


32. 


Danowsk1, T. S., H. K. Ferous, E. B. 
and Punrerert, A. J. Significance of blood sugar 
and serum electrolyte changes in cirrhosis follow- 
ing glucose, insulin, glucagon or epinephrine. 
Yale J. Biol. & Med., 29: 361, 1956. 

Myers, J. D., Kiser, R. F. and Taytor, W. J. 
Effects of pancreatic hyperglycemic factor on 
hepatic carbohydrate metabolism in man. Federa- 
tion Proc., 11: 111, 1952. 


. Korenperc, M. Clinical significance of glycogen 


content of liver. Arch. Int. Med., 72: 746, 1943. 


. Bonpy, P. K. Unpublished data. 
. Suay, H., Scuross, E. M. and Beit, M. A. The 


metabolism of galactose. 1. Considerations under- 
lying the use of galactose in tests of the function 
of the liver. Arch. Int. Med., 47: 391, 1931. 


. Smiru, L. H., Errincer, R. H. and Sericson, D. 


A comparison of the metabolism of fructose and 
glucose in hepatic disease and diabetes mellitus. /. 
Clin. Investigation, 32: 273, 1953. 


. McFapzean, A. J. S. and Tse, Y. T. Hypoglycemia 


in primary carcinoma of the liver. Arch. Int. Med., 
98: 720, 1956. 


. ZIMMERMAN, H. J., Tuomas, L. J. and Scnerr, E. H. 


Fasting blood sugar in hepatic disease with refer- 
ence to the infrequency of hypoglycemia. Arch. Int. 
Med., 91: 577, 1953. 


. Lano, S., Gorpsrein, M. S. and Levine, R. In- 


fluence of liver on uptake of glucose by extra- 
hepatic tissues. Am. J. Phystol., 177: 447, 1954. 

ScHWARTZ, K. and Mertz, W. A glucose tolerance 
factor and its differentiation from factor 3. Arch. 
Biochem., 72: 515, 1957. 


25. Myers, J. D. Net splanchnic glucose production in 


normal man and in various disease states. J. Clin. 
Investigation, 29: 1421, 1950. 


. Asumore, J., Kinosurra, J. H., Nespert, F. B. and 


Hastinos, A. B. Studies on carbohydrate metab- 
olism in rat liver slices. vu. Evaluation of the 
Embden-Meyerhoff and phosphogluconate path- 
ways. J. Biol. Chem., 220: 619, 1956. 


. Muntz, J. A. and Murpny, J. R. The metabolism 


of variously labeled glucose in rat liver im optvo. 
J. Biol. Chem., 224: 971, 1957. 


. Murpny, J. R. and Munrz, J. A. The metabolism 


of glucose in the perfused rat liver. /. Biol. Chem., 
224: 987, 1957. 

Bioom, B. and Srerren, De. W. The fraction of 
glucose catabolized via the glycolytic pathway. 
J. Biol. Chem., 212: 555, 1955. 

Hiatt, H. H. Studies of ribose metabolism. 1. The 
pathway of nucleic acid ribose synthesis in a hu- 
man carcinoma cell in tissue culture. J. Clin. 
Investigation, 36: 1408, 1957. 

Brown, H., Witcarpson, D. G., Samue L. T. and 
Tyter, F. H. 17-Hydroxycorticosteroid metabo- 
lism in liver disease. J. Clin. Investigation, 33: 1524, 
1954. 

Peterson, R. E., WynGaarpen, J. B., Guerra, S. L., 
Bropie, B. W. and Bunm, J. J. The physiological 
disposition and metabolic fate of hydrocortisone 
in man. J. Clin. Investigation, 34: 1779, 1955. 

Tomkins, G. M. Oxidation-reduction of the steroid 
nucleus. Rec. Prog. Horm. Res., 12: 125, 1956. 


. Amatuzio, D. S. and Nessrrt, S. A study of pyruvic 


acid in the blood and spinal fluid of patients with 


AMERICAN JOURNAL OF MEDICINE 


18 
19 
22 
: 
25 


35. 


37. 


59. 


41. 


43. 


45. 


47. 


49. 


52. 


53. 


Metabolic Abnormalities in Liver Disease—Bondy 


liver disease with and without hepatic coma. J. 
Clin. Investigation, 29: 1486, 1950. 

Amartuzio, D. S., Surirrer, N., Srurzman, F. L. and 
Nessitrt, S. Blood pyruvic acid response to intra- 
venous glucose or insulin in the normal and in 
patients with liver disease and with diabetes 
mellitus. J. Clin. Investigation, 31: 751, 1952. 


. Nacesurr, D. J. and Wintrernirz, W. W. Lactic 


acid response to epinephrine in experimental liver 
disease. Yale J. Biol. @ Med., 29: 96, 1956. 

Dawson, A. M., De Groore, J., RosenruHar, W. S. 
and SuHer.ock, S. Blood pyruvic acid and alpha- 
ketoglutaric-acid levels in liver disease and hepatic 
coma. Lancet, 1: 392, 1957. 


. Summerskitt, W. H. J., Wore, S. J. and Davipson, 


C. S. The metabolism of ammonia and alpha-keto- 
acids in liver disease and hepatic coma. J. Clin. 
Investigation, 36: 361, 1957. 

Watsue, J. M. Disturbances of aminoacid metabo- 
lism following liver injury, a study by means of 
paper chromatography. Quart. J. Med., 22: 483, 
1953. 


. Recxnacet, R. O. and Porrer, V. R. Mechanism of 


the ketogenic effect of ammonium chloride. J. Biol. 
Chem., 191: 263, 1951. 

Ratner, S. Mechanism of urea synthesis. Federation 
Proc., 8: 603, 1949. 


. Fou, O. and Denis, W. Protein metabolism from 


the standpoint of blood and tissue analysis. un. The 
origin and significance of the ammonia in the 
portal blood. J. Biol. Chem., 11: 161, 1912. 

Puear, E. A., Ruesner, B., SHervock, S. and Sum- 
merskitt, W. H. J. Methionine toxicity in liver 
disease and its prevention by chlortetracycline. 
Clin. Se., 15: 93, 1956. 


. Frsner, C. J. and Fatoon, W. W. Control of blood 


ammonia in cirrhosis by oral neomycin. Clin. 
Research Proc., 4: 147, 1956. 

Gaustap, V. Transient hepatargy. 
Scandinav., 135: 354, 1949. 


Acta med. 


. Scuwartz, R., G. B., J. E., 


Gasuzpa, G. J., Jr. and Davipson, C. S. Dietary 
protein in the genesis of hepatic coma. New Eng- 
land J. Med., 251: 658, 1954. 

McDermorrt, W. V., Jr. and Apams, R. D. Episodic 
stupor associated with an Eck fistula in the human 
with particular reference to the metabolism of 
ammonia. J. Clin. Investigation, 33: 1, 1954. 

Bessman, S. P. and Bessman, A. N. The cerebral 
and peripheral uptake of ammonia in liver disease 
with an hypothesis for the mechanism of hepatic 
coma. J. Clin. Investigation, 34: 622, 1955. 

Warren, K. S. The differential toxicity of am- 
monium salts. J. Clin. Investigation. To be published. 


. Vanames, P., Poppect, J. W., Gricksman, A. S., 


RANDALL, H. T. and Roperts, K. E. Respiratory 
alkalosis in hepatic coma. Arch. Int. Med., 97: 762, 
1956. 


. Wansne, J. M. Effect of glutamic acid on the coma of 


hepatic failure. Lancet, 1: 1075, 1953. 
McDermorrt, W. V., Jr., WareHAM, J. and Rippe., 
A. G. Treatment of “hepatic coma” with |-glu- 
tamic acid. New England J. Med., 253: 1093, 1955. 
Wesster, L. T., Jn. and Davipson, C. S. The effect 
of sodium glutamate on hepatic coma. J. Clin. 
Investigation, 35: 191, 1956. 


MARCH, 1958 


54. 


55. 


56. 


57. 


59. 


61. 


62. 


63. 


65. 


67. 


435 


P., Winrrz, M., Birnsaum, S. M., Orey, 
M. C., Cornrrecp, J. and Greenstein, J. P. 
Toxicity of essential amino acid mixtures with 
special reference to the protective effect of L-argi- 
nine. Arch. Biochem. & Biophys., 58: 255, 1955. 

Nayarian, J. S. and Harper, H. A. A clinical study 
of the effect of arginine on the blood ammonia. 
Am. J. Med., 21: 832, 1956. 

Faney, J. L. Toxicity and blood ammonia rise re- 
sulting from intravenous amino acid administra- 
tion in man: the protective effect of L-arginine. 
J. Clin. Investigation, 36: 1647, 1957. 

Mackay, I. R., Votwiter, W. and Go_pswortnHy, 
P. D. Paper electrophoresis of serum proteins: 
photometric quantitation and comparison with free 
electrophoresis. J. Clin. Investigation, 33: 855, 1954. 


. Bearn, A. G. and Kunxet, H. G. Abnormalities of 


copper metabolism in Wilson’s disease and their 
relationship to the aminoaciduria. J. Clin. Investi- 
gation, 33: 400, 1954. 

Va.tiee, B. L., Wacker, W. E. C., BARTHOLOMAy, 
A. F. and Hocn, F. L. Zinc metabolism in hepatic 
dysfunction. un. Correlation of metabolic patterns 
with biochemical findings. New England J. Med., 
257, 1055, 1957. 

VotwiLer, W., Gotpswortuy, P. D., MacMartin, 
M. P., Woop, P. A., Mackay, A. R. and Fre- 
MONT-SMITH, K. Biosynthetic determinations with 
radioactive sulfur of the turnover of various 
plasma proteins in normal and cirrhotic man. 
J. Clin. Investigation, 34: 1126, 1955. 

Patek, A. J., Jr., Post, J.. Ratnorr, O. D., MANKIN, 
H. and Hirirman, R. W. Dietary treatment of 
cirrhosis of the liver. Results in 124 patients ob- 
served during a ten year period. J. A. M. A., 138: 
543, 1948. 

Russ, E. M., Raymunt, J. and Barr, D. P. Lipo- 

i ili cirrhosis. J. Clin. 


proteins in primary 
Investigation, 35: 133, 1956. 

FurMAN, R. H. and Conran, L. L. Ultracentrifugal 
characterization of the lipoprotein spectrum in 
obstructive jaundice: studies of serum lipid rela- 
tionships in intra- and extrahepatic biliary obstruc- 
tion. J. Clin. Investigation, 36: 713, 1957. 


. Rosenman, R. H., Friepman, M. and Byers, S. O. 


The causal role of plasma albumin deficiency in 
experimental nephrotic hyperlipemia and hyper- 
cholesteremia. /. Clin. Investigation, 35: 522, 1956. 

Avsrink, M. J., Man, E. B. and Perers, J. P. The 
relation of neutral fat to lactescence of serum. 
J. Clin. Investigation, 34: 147, 1955. 


. Zu-versmit, D. B., McCanpvess, E. L. and SHore, 


M. L. Plasma phospholipide synthesis in the 
eviscerated rabbit. Proc. Soc. Exper. Biol. @ Med., 
93: 542, 1956. 

ENTENMAN, C., CHarkorr, I. L. and ZILVERsmIT, 
D. B. Removal of plasma phospholipides as a func- 
tion of the liver: the effect of exclusion of the liver 
on the turnover rate of plasma phospholipides as 
measured by radioactive phosphorus. J. Biol. 
Chem., 166: 15, 1946. 


. Ecxzes, N. E., Taytor, C. B., D. J. and 


Goutp, R. G. The origin of plasma cholesterol 
and the rates of equilibrium of liver, plasma and 

cholesterol. J. Lab. & Clin. Med., 46: 
359, 1955. 


|| 
| 
| 
3 
5 


436 Metabolic Abnormalities in Liver Disease—Bondy 


69. Man, E. B., Kartin, B. L., DurRLAcHeErR, S. H. and 
Peters, J. P. The lipids of serum and liver in pa- 
tients with hepatic diseases. J. Clin. Investigation, 
24: 623, 1945. 

70. Lipsxy, S. R., Haavix, A., Hopper, C. L. and Mc- 
Drvitt, R. W. The biosynthesis of the fatty acids of 
the plasma of man. 1. The formation of certain 
chromatographically separated higher fatty acids 
of the major lipide complexes from acetate-1-C"*. 
J. Clin. Investigation, 36: 233, 1957. 

71. Srperstein, M. D. and Murray, A. W. Cholesterol 
metabolism in man. J. Clin. Investigation, 34: 1449, 
1955. 

72. Byers, S. O. and Frrepman, M. Cholic acid: ade- 
quate stimulus for hyperlipemia in normal fasting 
rat. Proc. Soc. Exper. Biol. & Med., 82: 425, 1953. 


73. Vannorti, A. Hepatic regulation of thyroxine metab- 
olism. In: Ciba Foundation Colloquia on Endo- 
crinology: Regulation and Mode of Action of 
Thyroid Hormones, vol. 10, p. 125. Boston, 1957. 
Little, Brown & Co. 

74. Suizume, K. and Irie, M. The role of the liver in the 
inactivation of the melanocyte stimulating hor- 
mone in the body. Endocrinology, 61: 506, 1957. 

75. Amatuzio, D. S., Rames, E. B. and Nessrrr, S. 
The practical application of the rapid intravenous 
glucose tolerance test in various disease states 
affecting glucose metabolism. /. Lab. @ Clin. 
Med., 48: 714, 1956. 

76. Campspecr, J. A. and Tacnon, H. J. The intravenous 
glucose tolerance test in liver disease. New England 
J. Med., 234: 216, 1946. 


AMERICAN JOURNAL OF MEDIGINE 


Clinico-pathologic Conference 


Rapidly Progressive Pulmonary Infiltration, 
Fever and Coma 


TENOGRAPHIC reports, edited by Lillian Recant, mu.p. and W. Stanley Hartroft, m.p. 

of weekly clinico-pathologic conferences held in the Barnes and Wohl Hospitals 

are published in cach issue of the Journal. These conferences are participated in jointly 
by members of the Departments of Internal Medicine, Preventive Medicine and Pathology 
of the Washington University School of Medicine and by Junior and Senior medical 


students. 


HE patient, W. H., a fifty-four year old 
white male farmer, was transferred to the 
Barnes Hospital on February 15, 1957. He died 
on March 3, 1957. The presenting problems 
were fever, cough, weight loss and malaise of 
six weeks’ duration and, more recently, con- 
fusion and disorientation. The anamnesis ob- 
tained from the family was incomplete. The 
patient had consumed large amounts of alco- 
holic beverages for over twenty-five years; this 
habit had interfered with his vocational and 
family life. A vague history of weight loss, 
fatigue and melena during the year preceding 
admission was given by the patient. Six weeks 
prior to admission to Barnes Hospital he saw his 
physician and was hospitalized elsewhere. His 
complaints were sore throat, cough and fever. 
His daily temperature ranged between 101° and 
103°r. The hemoglobin and red blood cell 
count were normal. The white blood cell count 
was 11,000 cells per cu. mm. with a “‘left shift.” 
Toxic granulations were noted in the poly- 
morphonuclear leukocytes. Urinalysis revealed 
2 plus proteinuria. A roentgenogram of the chest 
taken on January 22, 1957 (Fig. 1) showed bi- 
lateral hilar masses and a nodular infiltrate in 
both lung fields. Ten days later a repeat film of 
the chest showed an extension of the infiltrate. 
Sputum cultures grew out gram-positive cocci, 
sensitive to the broad spectrum antibiotics. A 
biopsy specimen of a right femoral lymph node 
was obtained three days prior to transfer and was 
interpreted as “malignant tumor, type and origin 
undetermined.”” Antibiotics were administered 
to the patient during his hospitalization. 
There was no history of previous illness or 
hospitalization. 
Physical examination at the time of his admis- 
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sion to Barnes Hospital revealed the following: 
temperature, 38.6°c.; pulse, 110, regular; res- 
pirations, 18 to 24; and blood pressure, 120/80 
mm. Hg. The patient was disoriented and 
thrashed about aimlessly. Although obese, signs 
of weight loss, dehydration and chronic illness, 
including a Hippocratic facies were present. 
The skin and the optic fundi appeared normal. 
The tongue appeared red and dry with flat 
papillae. The gingivae were red and bleeding. 
The pharynx was covered with thick yellow 
exudate. The neck was supple. A firm, tender, 
fixed lymph node, 1 cm. in diameter was present 
in the left femoral area. The recent incision in 
the right femoral area was red and swollen. The 
lungs expanded poorly with respiration. An 
increase in tactile fremitus and breath sounds, 
and moist, crackling rales were present over the 
lower one half of both lung fields posteriorly. The 
heart was enlarged to the left by percussion but 
was otherwise normal. The abdomen was dis- 
tended, tympanitic and tender to palpation. 
There was no fluid wave or shifting dullness. The 
liver edge was palpable 8 to 9 cm. below the right 
costal margin, being firm and tender. A mass in 
the left upper quadrant of the abdomen was 
palpated by one observer. Examination of the 
rectum and genitalia was normal. The nail beds 
appeared slightly cyanotic. Clubbing was not 
present. There was no edema. Neurological 
examination was normal. 

The laboratory data were as follows: hemo- 
globin, 14.6 gm./100 ml.; white blood cell count, 
11, 150/cu. mm. with 24 per cent band forms, 
69 per cent polymorphonuclear leukocytes and 
7 per cent lymphocytes. The urine specific 
gravity was 1.025; there was a trace of protein; 
0 to 2 white blood cells per high power field were 
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Fic. 1. Patient W. H. Roentgenograms of the chest taken on January 22, 1957, and on February 16, 1957. 


present in the centrifuged sediment. The stool 
was positive to the guaiac test. The cardiolipin 
reaction was negative. Non-protein nitrogen 
was 38 mg./100 ml. at the time of admission 
but was 16 mg./100 ml. seven days later. Fasting 
blood sugar was 100 mg./100 ml. The serum 
sodium was 133.5 mEq./L. The serum CO, 
combining power, chloride and potassium were 
normal. The total serum proteins were 5.0 
gm./100 ml. with both albumin globulin 2.5 gm. 
per cent. The acid phosphatase was 2.2 King- 
Armstrong units. The alkaline phosphatase 
was 6.0 Bodansky units. The prothrombin level 
was 45 per cent of normal. There was a decrease 
of two seconds in the prothrombin time after 
the administration of vitamin K-1 oxide intra- 
venously. The cephalin cholesterol flocculation 
test was 3 plus. The thymol turbidity test was 
1.8 units. Serum cholesterol was 118 mg./100 
ml. Bromsulfalein retention was 25 per cent 
after forty-five minutes. An electrocardiogram 
revealed an abnormal form of ventricular com- 
plex compatible with left ventricular strain and 
sinus tachycardia. Roentgenographic examina- 
tion of the chest (Fig. 1) revealed multiple, 
round, nodular areas of infiltration throughout 
both lung fields thought to be compatible with 
diffuse metastatic lesions. ‘There was a suggestion 
of lymphangitic spread of tumor. Left ventricular 
enlargement was evident. The radiologist sug- 
gested renal carcinoma as a possible primary site. 
Roentgenographic examination of the abdomen 
was indeterminate for the presence of retro- 
peritoneal tumor. No evidence of bone destruc- 
tion was seen. Roentgenographic examination 


of the skull failed to demonstrate evidence of 
metastases to the cranial vault. Lumbar punc- 
ture revealed normal pressures and clear fluid. 
Cerebrospinal fluid protein was 32 mg./100 ml., 
sugar was 117 mg./100 ml., and the chloride 
was 58 mEq./L. Neisserian organisms and a 
heavy growth of white staphylococci were cul- 
tured from the throat. No pathogens could be 
isolated from the feces, cultured at the time of 
admission. Four blood cultures as well as a urine 
culture were negative. 

The patient remained confused and dis- 
oriented throughout the sixteen days of hospital- 
ization. His fever ranged from 38°c. to slightly 
over 40°c. He was treated with fluids intra- 
venously and with oxygen. Antibiotics were 
administered in large doses. He received penicil- 
lin for the first 11 days of hospitalization and 
streptomycin for the first eight days. During the 
last thirteen days of hospitalization, erythro- 
mycin was administered intramuscularly; during 
the last ten days chloramphenicol was also 
given intramuscularly. The biopsy specimen 
obtained prior to transfer to Barnes Hospital 
was reviewed by the surgical pathologist who 
could not make a diagnosis of malignant 
neoplasm nor of any other specific pathological 
process. On the seventh hospital day the en- 
larged left femoral lymph node was excised 
and the liver was biopsied. The bone marrow 
was aspirated for cytological and cultural 
studies. The liver biopsy revealed fatty meta- 
morphosis and portal fibrosis. No diagnosis could 
be made on the lymph node biopsy or on the 
bone marrow aspiration, and the cultures of both 
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were sterile. On the seventh hospital day, a 
protracted diarrhea developed. Culture of the 
stool revealed a heavy growth of a coagulase- 
negative white staphylococcus. At this time the 
white blood cell count was 4,800 per cu. mm. 
with 28 per cent stabs, 58 per cent polymor- 
phonuclear leukocytes and 14 per cent lympho- 
cytes. The serum calcium was 7.4 mg./100 ml. 
and the serum phosphorus was 1.5 mg./100 ml. 
The hemoglobin level had fallen to 9.9 gm./ 
100 ml. 

A repeat chest roentgenogram was obtained 
at the patient’s bedside on the thirteenth hospital 
day. There appeared to have been an interval 
increase in the multiple discrete radiodensities 
previously described. Because of the patient's 
failure to respond to antibiotic therapy and the 
probable diagnosis of malignant disease, 18 mg. 
of nitrogen mustard were administered intra- 
venously on the thirteenth hospital day. On the 
fifteenth hospital day, ascites was noted and an 
abdominal paracentesis was performed. Five 
hundred mil. of straw colored fluid which 
clotted after standing was obtained. This fluid 
was a transudate with 1,000 red blood cells and 
208 white blood cells per cu. mm. The fluid was 
sterile; a cell block revealed fibrin, mesothelial 
cells and lymphocytes with no evidence of tumor 
cells. On this day agglutination tests for sal- 
monella were negative. Agglutination reactions 
for brucella were 2 plus in a dilution of 1 to 
320 and negative in higher dilutions. The pa- 
tient continued to have fever and shaking chills, 
and on the sixteenth hospital day the abdomen 
was noted to be more distended and tender. 
Easy bruisability was also noted. The hemo- 
globin was 9.6 gm./ 100 ml., the white blood cell 
count was 1,700/cu. mm. and the platelet 
count was 303,000. The differential showed 8 per 
cent band forms, 86 per cent polymorphonuclear 
leukocytes, 2 per cent lymphocytes and 4 per 
cent monocytes. The patient’s respirations be- 
came irregular, slow and shallow. He remained 
comatose and died on the seventeenth hospital 
day. 


CLINICAL DISCUSSION 


Dr. Epwarp Reinuarp: This patient was a 
fifty-four year old farmer whose history had to 
be obtained largely from his family and is of 
questionable reliability. He had a vague history 
of weight loss, fatigue and melena during a 
period of one year. He had malaise, sore throat, 
cough and fever for only six weeks. The physical 
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findings revealed a spiking temperature with a 
proportionately elevated pulse rate. He was 
disoriented and thrashing about aimlessly. He 
had a hippocratic facies. He was dehydrated. 
The gums were red and bleeding. There was a 
thick yellow pharyngeal exudate. There was a 
1 cm. left femoral node and an inflammatory | 
reaction at the site of the right femoral biopsy. 
He had increased breath sounds and moist rales 
in both lower lung fields. The liver edge extended 
9 cm. below the right costal margin and was 
tender. One observer described a mass in the 
left upper quadrant of the abdomen which he 
thought was spleen. Laboratory abnormalities 
included a leukocytosis with a shift to the left, a 
trace of proteinuria and a guaiac positive stool. 
The non-protein nitrogen was initially 58 mg. 
per cent but when his dehydration was cor- 
rected this value declined. Some evidence of 
hepatic functional impairment was present in 
that the serum albumin was 2.5 gm. per cent: 
the prothrombin level was 45 per cent of nor- 
mal; the cephalin cholesterol flocculation was 
3 plus; and bromsulfalein retention was 25 per 
cent at forty-five minutes. The spinal fluid 
findings were normal. In addition to these data, 
only two positive cultures were obtained. A 
heavy growth of staphylococcus albus from 
a throat culture and a similar coagulase-negative 
organism from the stool. Blood and marrow cul- 
tures were negative. Dr. Humphrey, will you 
review the roentgenograms? 

Dr. HumpnHrey: We have two 
examinations of the chest previous to the Barnes 
Hospital admission. The first, which was ob- 
tained about three weeks after the onset of 
symptoms, indicated moderately pronounced 
hilar adenopathy with bilateral basilar infiltra- 
tion. On a subsequent examination two weeks 
later, a slight increase in the hilar adenopathy 
and the pulmonary infiltration was seen. The 
roentgenograms taken on admission here, 
showed further increase in the adenopathy 
and in the distribution and extent of the in- 
filtrates, all lungs appeared to be involved. In 
some of the densities, there appeared to be 
central destruction indicating the presence of 
small cavities which might have been abscesses. 
The evolution of the disease appeared too rapid 
for neoplastic disease with but two exceptions 
which seem very unlikely; (1) chorionepithelial 
cell carcinoma metastasis will sometimes be 
very rapid in evolution, and (2) alveolar car- 
cinoma of the lung might present a picture 
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somewhat like this. We did note some calcifica- 
tion apparently in a primary complex. A film 
of the abdomen showed no obvious abnormality. 
On the last film of the chest there appeared to be 
further progression of the infiltration and 
adenopathy. The most likely diagnosis is pul- 
monary mycosis. There is no way of differentiat- 
ing with certainty between what would appear 
to be the acute form of primary nocardiosis, 
aspergillosis, cryptococcosis, histoplasmosis, and 
actinomycosis. 

Dr. REINHARD: Dr. Spjut will you discuss the 
biopsy material? 

Dr. Haran Spyut: The slide of the femoral 
node obtained from Illinois showed some obliter- 
ation of the nodal architecture, although the 
sinusoids were still present and there appeared 
to be an increased cellularity of the lymph node. 
Under a higher power, most of the cells that 
formed this peculiar cellularity, appeared to be 
histiocytes. There was nothing to suggest that 
this was a malignant neoplasm, although at 
first glance, one would consider, perhaps lym- 
phoma. These cells seemed to fill the sinusoids. 
We did see evidence of phagocytosis in these 
cells suggesting that they were true histiocytes. 
There was no evidence of granuloma formation, 
necrosis or organisms such as histoplasmosis. 
We were unable to make a specific diagnosis. 
This tremendous histiocytic response suggests 
however that a histiocytosis or reticuloendo- 
theliosis should be considered. The femoral 
node that was removed while the patient was in 
Barnes Hospital was quite cellular but again no 
specific diagnosis could be made. There were a 
fair number of histiocytes but fewer than in the 
node removed previously. The bone marrow 
sections showed maturing granulocytes and a 
normal distribution of cells with perhaps some 
slight shift to immaturity. No specific diagnosis 
could be made. 

Dr. REINHARD: In contrast to Dr. Hum- 
phrey’s interpretation of the chest film, the 
official report in the hospital chart mentioned 
that the most likely diagnosis was lymphangitic 
spread of carcinoma. I have discussed these 
films with other people in the Department of 
Radiology and at least one person still believes 
that this was the best diagnosis on the basis of 
the films alone. Dr. Goldman, do you have any 
comments on bronchogenic carcinoma as a 
possibility in this case? 

Dr. At GOLDMAN: Both the extensiveness of 
the pulmonary process as well as the rapidity of 
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spread make the diagnosis of bronchogenic 
carcinoma unlikely. The roentgenographic find- 
ings would be compatible with alveolar cell 
carcinoma. However, again the rapidity of 
progression would be against this diagnosis. 

Dr. REINHARD: The diagnosis of a malignant 
lymphoma was entertained and four days prior 
to death, at a time when the patient was febrile, 
he was given a course of nitrogen mustard 
therapy without any apparent benefit and with 
no significant effect on his febrile course. 
Actually in the last four days, his fever, if any- 
thing, was higher than it had been prior to the 
nitrogen mustard therapy. Dr. Harrington, do 
you think we have to consider a malignant 
lymphoma and if so, what type would be most 
likely? 

Dr. WILLIAM HARRINGTON: I must say, I did 
not seriously consider it, although I suppose it is 
a possibility. If you had to reconcile the findings 
with this course, it would probably be a Hodg- 
kins sarcoma or reticulum cell sarcoma. 

Dr. REINHARD: Dr. Moore, do you think the 
failure of the fever to respond within this period 
of time constitutes evidence against Hodgkin’s 
disease? 

Dr. C. V. Moore: In the majority of cases of 
Hodgkin’s disease, one would see evidence of a 
decline in the temperature curve by the end of 
four days but there are numerous instances in 
which it takes from six to eight and even ten 
days before the temperature does respond to the 
administration of nitrogen mustard. 

Dr. REINHARD: Let us now consider possible _ 
infectious etiologies for this patient’s pulmonary 
disease. Multiple cultures for microorganisms 
were taken: four blood cultures, a urine culture, 
a stool culture on admission and a bone marrow 
culture all of which were negative. A lymph node 
culture revealed a few colonies of staphylococcus 
albus. These were thought to be contaminant 
organisms. Only two cultures were positive. 
From the pharyngeal exudate, a very heavy 
growth of Staphylococcus albus was obtained. A 
stool culture taken about eight days after admis- 
sion at a time when the patient was receiving 
intensive antibiotic therapy and was suffering 
from diarrhea showed a heavy growth of coagu- 
lase-negative Staph. albus. Dr. Beeson, are these 
results of any great significance? 

Dr. Paut Beeson: I would think the cultures 
probably represent a complication of the inten- 
sive antibiotic therapy. 

Dr. REINHARD: The brucella agglutinins were 
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4 plus up to a dilution of 1 to 60 and 2 plus at a 
dilution of 1 to 320. The patient was a farmer. 
Dr. Harford, is it conceivable that brucellosis 
could account for this clinical picture and 
course? 

Dr. Cart Harrorp: Brucella pneumonia has 
been described. I think it is unlikely in this case, 
chiefly because the therapy received should have 
controlled the fever. Also, in active brucella 
infection there is usually a considerably higher 
titer of agglutinins. 

Dr. REINHARD: How many healthy farmers 
would have a titer approaching 320? 

Dr. Harrorp: I would have to guess but I 
would think quite a few. 

Dr. REINHARD: If this patient’s acute febrile 
illness was due to a specific infection, and the 
infecting organism was not controlled by massive 
doses of penicillin, streptomycin, tetracycline or 
chloramphenicol, one would have to postulate 
the presence of a resistant organism. For this 
reason fungi would have to be considered promi- 
nently among the possibilities. Dr. Magee, would 
you review the studies that you and Dr. John 
Keye did concerning the increase in fungal 
infections at Barnes Hospital in recent years? 

Dr. Epwin Macee: Of eighty-eight cases of 
fungal infection that came to autopsy at Barnes 
Hospital from 1919 to 1955, forty occurred in 
association with another or primary disease. 
The primary diagnosis in twenty-one patients 
was leukemia or lymphoma. Since 1947 we 
noted a precipitous rise in the incidence of 
fungal infections among patients with leukemia 
and lymphoma; whereas there was no significant 
change in the incidence among patients with 
other diseases. In fact, during the last year of 
our study, 20 per cent of the patients who came 
to autopsy with leukemia and lymphoma had a 
significant fungal infection. It is of interest that 
actinomycosis, blastomycosis and coccidiomyco- 
sis occurred only as primary infections, and 
candidiasis and aspergillosis occurred only as 
complicating infections. Histoplasmosis, crypto- 
coccosis and mucormycosis occurred as both 
primary and secondary infections. Of the forty 
patients with secondary fungal infections, 75 per 
cent received antibiotics for seven days or longer, 
30 per cent received cortisone for seven days or 
longer, 35 per cent received antileukemic 
agents, and 35 per cent received roentgen 
therapy. Most of the patients with leukemia or 
lymphoma received two or more of these thera- 
peutic agents. It is our impression that the 
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therapy employed in the treatment of the under- 
lying disease played a major role in the develop- 
ment of the secondary fungal infection. 

Dr. REINHARD: In the patient under discus- 
sion today, we have good evidence that he had 
his primary pulmonary disease, whatever it was, 
first, and then received intensive antibiotic 
therapy. It is difficult therefore to consider the 
antibiotics as an explanation for the development 
of a disseminated fungal infection, although they 
could have aggravated such an infection. Dr. 
Beeson, what do you think about the possibility 
of a fungal infection in this case, with or without 
an associated lymphoma or some other disease? 

Dr. Beeson: A fungal infection is certainly a 
possibility. I think that if he had blastomycosis, 
one would have expected a response to some of 
the antibiotic therapy. However, the absence of 
any fungus in the cultures seems to be a strong 
point againt this over-all diagnosis. 

Dr. REINHARD: We did not have any sputum 
cultures. The patient was not raising any 
sputum. Would you like to mention any other 
fungal infections that could produce this picture 
in the lungs? 

Dr. Beeson: Blastomycosis and moniliasis. 

Dr. Reinnarp: Dr. Goldman, you have seen a 
great many fungal infections of the lungs. What 
specific infection might produce multiple round 
nodular lesions such as we see here? 

Dr. GotpMan: The roentgenograms and the 
clinical picture together suggest blastomycotic 
pneumonia. This disease could result in death in 
six to eight weeks. Usually, of course, the fungus 
infections are slower. Aspergillosis could also 
give this roentgenological picture. The aspergil- 
losis cases that I have seen have been associated 
with other diseases, not necessarily lymphomas. I 
recall a case | saw several years ago at the St. 
Louis City Hospital in a young diabetic patient. 
In this particular community we think of blasto- 
mycosis and of histoplasmosis first. This however 
is an unusual picture for the acute type of 
histoplasmosis. Cryptococcosis, always a possi- 
bility, usually presents with some meningeal 
involvement. In summary, however, blasto- 
mycosis and aspergillosis would be the two dis- 
eases that I think of first. 

Dr. REINHARD: In September of 1955 at a 
clinico-pathologic conference, a patient was 
discussed who had terminal aspergillosis of the 
lung. The patient’s primary disease was leuko- 
sarcoma. These are the roentgenograms. You 
will note on these films that, as in the patient 
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we are discussing today, there are somewhat 
round lesions, a fuzzy outline and a total picture 
not too dissimilar from the case being discussed. 
Dr. Beeson, are there any specific infections 
other than fungal infections you would like to 
consider? Bacterial? Viral? 

Dr. Beeson: Well, tuberculosis probably 
deserves some consideration. The appearance of 
the lesions does not suggest acid fast infection. 
The short duration of streptomycin therapy and 
failure to respond would not seem to me to rule it 
out. I cannot think of any other infections. 

Dr. REINHARD: Would you list tuberculosis as 
your first diagnosis in this case? 

Dr Beeson: No. 

Dr. REINHARD: We do not seem to be wholly 
satisfied with the diagnosis of neoplasm or 
infection. I would therefore like to concentrate 
your attention on the diagnosis of reticulo- 
endotheliosis which was suggested by the pathol- 
ogist on the basis of the lymph node biopsy. 
There is no group of disorders in the whole field 
of medicine in which the terminology is more 
confused. The term reticuloendotheliosis is used 
by some authors to refer to malignant neoplastic 
disorders of reticuloendothelial system 
whereas most authors use this term to refer to 
various cases of Schiiller-Christian disease, 
Letterer-Siwe disease and/or eosinophilic gran- 
uloma of bone. Considering the latter three 
diseases, there is considerable overlap and a 
multitude of other terms have been employed to 
describe such cases. As an example of the con- 
fusion in the literature, I would like to quote the 
title of an article by Pinkus* “Reticulogranu- 
loma: Report of a Case of Eosinophilic Granu- 
loma of Bone Associated with Non-lipid 
Reticulosis of the Skin and Oral Mucosa Under 
the Clinical Picture of Schiiller-Christian Dis- 
ease.”” Now in order to avoid getting lost in a 
sea of confused terms, I would like to adhere to a 
classification which might be mentioned very 
briefly. Lichtensteint considers eosinophilic 
granuloma of bone, Letterer-Siwe disease and 
Schiiller-Christian disease all to be manifesta- 
tions of the same underlying entity; this concept 


* Pinkus, H., Copps, L. A., Custer, S. and Epsrern, S. 
Reticulogranuloma: Report of a case of eosinophilic 
granuloma of bone associated with non-lipid reticulosis 
of skin and oral mucosa under the clinical picture of 
Hand-Schiiller-Christian Disease. Am. J. Dis. Child., 77: 
503, 1949. 

+ LicntensteIn, L. Histiocytosis X. Arch. Path., 56: 84, 
1953. 
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is now widely accepted. He calls these all 
histiocytosis X. Eosinophilic granuloma of bone 
has been described primarily in infants, children 
and young adults, but occasionally it does occur 
in older adults as in one of our previous clinico- 
pathologic conference reports. Letterer-Siwe 
disease and _ Schiiller-Christian disease are 
disseminated forms of this same underlying 
entity; the Letterer-Siwe syndrome being an 
acute syndrome seen chiefly in infants and young 
children while the Schiiller-Christian disease is 
a syndrome occurring in a more chronic form, in 
somewhat older children and young adults and 
occasionally in older adults. There is a marked 
overlap, and all may be called histiocytosis X; 
then one can specify histiocytosis X, localized 
to bone (eosinophilic granuloma of bone, solitary 
or multiple); or histiocytosis X, disseminated of 
the Letterer-Siwe type, etc. Dr. Moore, are the 
manifestations in this case compatible with the 
general diagnosis of histiocytosis X? 

Dr. Moore: Although they are compatible, 
there are some unusual features. The lymph 
node changes should have been more definite. 
There were no lesions of bone. In addition, when 
pulmonary involvement occurs, it is usually a 
diffuse, interstitial, pulmonary infiltration often 
with an alveolar-capillary block and not the 
kind of nodular lesion that this patient had. The 
diagnosis seems quite unlikely, although you are 
certainly correct to consider it. 

Dr. REINHARD: How about fever of this degree 
in histiocytosis X? 

Dr. Moore: I cannot answer that absolutely. 
It is my impression that it is unusual. 

Dr. REINHARD: I agree entirely with what 
Dr. Moore has said. The type of lung lesion in 
this case is not typical. I could find no case 
reported in which the roentgenographic findings 
resembled those in this patient. However, there 
are a few cases in the literature in which the 
infiltration of the lung is not entirely diffuse. 
There may be a patchy infiltrate although this 
does not have nodular characteristics. Further- 
more, fever has been reported in some cases but 
I found none as high as the fever in this case. 
So we have the following points against the 
diagnosis of histiocytosis X: (1) the nature of the 
changes in the chest films, (2) the strikingly 
high fever, and (3) the very rapid course of 
this patient’s illness. All the adult cases of 
histiocytosis X with pulmonary involvement 
that have been reported have run a longer course 
than this patient showed. Thus, if he turns out to 
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have had histiocytosis X there are two possible 
explanations for the atypical features; (1) there 
might be an infection superimposed on the 
histiocytosis, or (2) this might be a case of histio- 
cytosis X with manifestations that have previ- 
ously not been described. It is of interest that 
one of the patients in Dr. Magee’s study had 
Schiller-Christian’s disease and a superimposed 
histoplasmosis involving the lungs as well as 
other organs. We have already shown you the 
chest roentgenogram of a patient who had both 
leukemia and aspergillosis. I do not believe we 
can go any further than to say that the findings 
in the lymph nodes of large numbers of pale 
cells that appear to be histiocytes is compatible 
with histiocytosis X. However, the clinical 
picture is not such that we can make this diag- 
nosis readily. Does anyone have other diagnostic 
possibilities to suggest? 

Dr. Gera_p Dietrerr: This patient had a 
long alcoholic history, laboratory signs of 
hepatic damage and a large liver with ascites. 
Hepatoma, in a cirrhotic liver with lung metas- 
tases should be considered. 

Dr. HARRINGTON: I would like a little discus- 
sion about why this could not be staphylococcal 
pneumonia. [There may also have been some- 
thing going on intra-abdominally. The low 
serum calcium suggests that the patient might 
have had a terminal pancreatitis. On the other 
hand, recent reports in the surgical literature 
have indicated that a low serum calcium may be 
found in other acute abdominal problems such as 
perforated ulcer or the like. 

Dr. REINHARD: Those are good suggestions. 
The patient might have had pancreatic disease. 
Dr. Moore, do you have any comments on the 
low chloride in the spinal fluid. 

Dr. Moore: Low spinal fluid chloride is 
associated with many things: brain tumor, 
meningismus, encephalitis, infection of the 
meninges of various kinds. Since the spinal fluid 
did not show any increase in cells, since torula 
organisms were not present, and since other 
bacterial organisms were apparently not identi- 
fied, I do not see how one can go any further. 
Tuberculous meningitis without pleocytosis 
would be rare indeed. 

Dr. REINHARD: I would like to ask the people 
who have participated in the discussion to give 
us their final diagnosis. We will not have time 
to make a complete list. Dr. Beeson, what would 
you list as your first and most likely diagnosis in 
this case? 
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Dr. Beeson: I believe the patient had primary 
carcinoma in the abdomen with metastasis to 
the lungs and superimposed infection terminally. 

Dr. Moore: [| think that is a very good possi- 
bility. I do not see how one can eliminate the 
possibility of a mycotic infection such as torula, 
histoplasmosis or blastomycosis. However, our 
laboratory has such a good record in being able 
to isolate the organisms when present that I find 
it hard to overcome that obstacle. 

Dr. REINHARD: They cannot isolate a fungus 
when you do not give them anything to isolate 
it from; no adequate sputum specimen was 
obtained. 

Dr. Moore: Agreed, but the bone marrow 
and ascitic fluid were cultured. 

Dr. GoLpMAN: I would place fungal infection 
first. 
Dr. ReinHARD: Well, I will have to list my 
own diagnosis as histiocytosis X plus a mycotic 
infection. 


PATHOLOGIC DISCUSSION 


Dr. JAmMes Pircocx: The patient was a large 
slightly obese white man with brownish pig- 
mentation of the exposed areas of skin. There 
were 150 ml. of fluid in the peritoneal cavity, 
750 ml. of clear yellow fluid in the right pleural 
cavity and 500 ml. of the same in the left pleural 
cavity. The heart was slightly enlarged, par- 
ticularly the left ventricle, weighing 450 gm. An 
interesting accessory finding was the presence of 
a brachiocephalic artery which arose from the 
right innominate artery and left common 
carotid. The lungs were heavy, weighing 2,550 
gm. Throughout all lobes were indistinct de- 
marcated nodules about 0.5 cm. to 2 cm. in size. 
Some abutted on the pleural surface. On cut 
surface they were gray, granular and firm. Some 
had yellowish white centers, a little softer than 
the surrounding tissue. The parenchyma around 
these soft areas was slightly reddened. Inter- 
vening parenchyma was darker from which 
fluid could be easily expressed. Lymph nodes of 
the lungs were enlarged, homogeneous and 
black from anthracotic pigment. 

The kidneys were congested. The firm, yellow 
liver was greatly enlarged (2,750 gm.). It cut 
with increased resistance. Its architectural 
pattern was prominent and delineated by in- 
creased amounts of fibrous tissue around lob- 
ules. Hemorrhage marked the site of needle 
biopsy. 

The spleen was greatly enlarged weighing 
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Fic. 2. Liver, hematoxylin and eosin stain. Large fatty 
cysts are regressing as shown by their thickened multinu- 
clear walls. Fibrosis and regeneration are advanced. 


850 gm. It was soft, mushy and dark red. There 
was 0.5 cm. poorly circumscribed granular 
nodule which was lighter in color than the sur- 
rounding tissue. Focal fat necrosis surrounded 
the pancreas. The bladder contained cloudy 
urine and its wall was heavily trabeculated. 
The urethra and trigone were covered by a 
shaggy yellow membrane. Purulent fluid oozed 
from the cut surface of the prostate. In the 
esophagus were several linear erosions and in the 
stomach, two shallow ulcers (2 and 4 cm. in 


_ diameter), which appeared acute in nature and 


recent in origin. i 

Dr. W. Stantey Harrrorr: The autopsy 
like the clinical history focused around the 
gastrointestinal tract, to a lesser extent the 
urogenital and finally the respiratory and 
hematopoietic systems. I will deal with them in 
this order. According to the history, this man 
indulged in excessive alcohol intake for twenty- 
five years. [This pastime was reflected in his 
liver because there was a very severe degree of 
cirrhosis characterized by fibrosis, by abnormal 
accumulation of fat and by a rather striking 
degree of regeneration. (Fig. 2.) Fibrous tissue 
and abnormal accumulation of fat were present 
in non-portal regions according to our definition 
of the liver lobule and the regeneration was 
present in periportal. The patient had had a 
hepatic biopsy approximately sixteen days before 
death; Figure 3 shows the tract of the needle. 
It is surprising that after two weeks, hemorrhage 
still looked relatively fresh although granulation 
tissue had formed and perhaps more impor- 
tantly, very definite evidence could be seen of 


Fic. 3. Liver, hematoxylin and cosin stain, showing tract 
of needle biopsy two weeks before death. Vascular 
granulation tissue and regenerating liver cells are present. 


regeneration of liver cells. The rapid regenera- 
tion of the parenchyma should be of considerable 
comfort to those engaged in performing liver 
biopsies. 

The lesions in the pancreas in alcoholism are 
just as constant and consistent, I think, as those 
in the liver, as is well illustrated in today’s case. 
Throughout the entire pancreas (Fig. 4) the 
acinar tissue had regressed and atrophied with 
widening of the interacinar spaces, and increase 
in stroma throughout, presenting a classic pic- 
ture of chronic pancreatitis including evidence 
of some fat necrosis. The acinar cells did not 
look as if they could have had much function. 
In addition, an acute and terminal change was 
present in this pancreas consisting of cystic 
dilation of acini here and there, a change which 
we associate with dehydration which this pa- 
tient certainly suffered during the terminal 
course of his illness. 

The rest of the intestinal tract was of interest 
chiefly in the upper portion because of the 
esophageal erosions. At the edges of these areas, 
characteristic inclusions were found in_ the 
epithelium which were pathognomonic of 
Herpes simplex. In the stomach there were two 
ulcers which microscopically appeared to be 
actively progressing and were both acute and 
subacute in nature as considerable amounts of 
granulation tissue had formed in their bases. 
These ulcers were compatible with the history of 
one year of gastrointestinal bleeding. 

From the prostate, purulent material oozed 
from the cut surface at the time of autopsy and 
microscopic section revealed an abscess in 
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Fic. 4. Pancreas, hematoxylin and eosin stain. Atrophic 
and distended acini are separated by a loose stroma. 


Fic. 6A. Spleen, hematoxylin and cosin stain. Foamy 
histiocytes fill the pulp. Erythrophogia of histiocytes is 
shown. 


which branching mycelia were present with 
subterminal spores. They proved to be Candida 
albicans on culture. 

The lung is probably of greatest interest in this 
case. Microscopically, the focal areas seen grossly 
presented variable appearances. The alveoli 
were filled with masses of fibrin and red blood 
cells. The alveolar septums were prominent and 
abnormally cellular. (Fig. 5.) The cells were 
histiocytes probably derived from alveolar septal 
cells as described by Professor C. C. Macklin a 
good many years ago. They are part of the 
reticuloendothelial system therefore. Special 
stains revealed that the fibrin component of these 
lesions was considerable. In some regions hemor- 
rhage and necrosis had developed terminally in 
these foci. The histiocytes frequently exhibited 
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Fic. 5. Lung, hematoxylin and eosin stain. Histiocytes 
and mononuclear cells are present in alveolar walls (top) 
and lumen (center). 


Fic. 6B. Lymph nodes, hematoxylin and eosin stain. The 


reticular framework is separated and the lymphoid ele- 
ments replaced by large, foamy or fibrillar histiocytes. 


beautiful examples of erythrophagia indicating 
their macrophagic nature. Similar foci to those 
in the lungs were present in spleen and lymph 
nodes. (Fig. 6.) Here, there were also good exam- 
ples of erythrophagia. We had sections of many 
lymph nodes. The architecture of these was 
masked but not destroyed with a diminution of 
lymphoid elements possibly due to the chemo- 
therapy the patient received. In addition, focal 
collections of foamy histiocytes were present 
some of which contained neutral fat in suitable 
preparations. 

Correlation of some of signs and symptoms 
with the autopsy findings is of interest. Twenty- 
five years of alcoholism certainly had an effect on 
his liver and his pancreas and possibly was a 
factor in producing gastric ulcerations as well. 
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Fever and cough of some three months’ duration 
were accourted for anatomically by the exten- 
sive involvement of the lung by the histiocy- 
tic proliferation of unknown etiology. We cut 
many sections and were able to rule out com- 
pletely any fungi that are usually identifiable 
such as histoplasmosis, etc. Our cultures were 
essentially negative. We had no reason therefore 
to suspect glanders or melioidosis. The extensive 
nitrogen mustard and antibiotic therapy may 
have been responsible for the terminal ulcers of 
the esophagus, the prostatic abscess, the cystitis, 
necrosis of lymph nodes and possibly the foci of 
necrosis in the lungs and depression of bone 
marrow which I did not demonstrate. We 
believe this man suffered from an atypical case of 
histiocytosis and alcoholism with cirrhosis and 
pancreatitis. We believe that chemotherapy and 
antibiotics considerably altered the histologic 
and cytologic character of the histiocytosis. The 
alcoholism perhaps explained the unusually 
rapid course of the disease in an adult and the 
fact that the disease had not yet affected other 
organs than lungs, lymph nodes and spleen. 
We have no reason to think that this histiocytic 
response was associated with any _ specific 
infection. It probably belongs to that group 
known as histiocytosis X or Klemperer’s* 
reticuloendotheliosis. 

Final Anatomical Diagnoses. Primary: Histio- 
cytosis limited to lungs, spleen and lymph nodes 
‘inguinal and femoral (biopsy), tracheal and 


peripancreatic]; lymphoid depletion of tracheo- 


* KLeEMPERER, P. Reticuloendotheliosis. Bull. N. Y. 
Acad. Med., 30: 526-537, 1954. 
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bronchial and peripancreatic lymph nodes with 
focal necrosis (also present in pulmonic lesions) 
and suppression of myelocytic elements in bone 
marrow (history of nine days of nitrogen- 
mustard therapy); fatty cirrhosis and chronic 
alcoholism, twenty-five years; atrophy and dila- 
tation of pancreatic acini; congestion and edema 
of the lungs, marked; mucus in the bronchial 
tree; acute tracheobronchitis; patchy atelectasis, 
all lobes; acute gastric ulcers (2 cm. and 4 mm.) 
(history of melena, one year); altered blood in 
the large bowel, small amount; edema of the 
extremities and scrotum; congestion of the 
kidney; acute membranous cystitis; C. albicans 
cultured; acute prostatitis with C. albicans by 
culture in the tissues; petechiae of the stomach, 
bladder and renal pelves: unhealed left ab- 
dominal paracentesis incision; esophageal ul- 
cerations and erosions with intranuclear in- 
clusions bodies compatible with Herpes simplex 
in the margins. Accessory: arteriosclerosis of the 
aorta and of the coronary, splenic and cerebral 
arteries, slight; sclerosis of the anterior leaflet 
of the mitral valve, slight; focal fibrosis of the 
mitral and tricuspid valves; arteriolar nephro- 
sclerosis, slight; hypertrophy of the heart: 
450 gm.; brachiocephalic artery; pulmonary 
emphysema, slight; healed needle mark of the 
right upper quadrant of the abdomen; focal 
hemorrhage in the liver (history of needle biopsy 
of the liver, surgical path. No. 57-1379); 
nodular hyperplasia of the prostate, slight: 
trabeculation of the bladder: intradermal nevus 
of the left flank; striae abdomenoles; vesicles of 
the left flank (related to adhesive tape). 
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Case Reports 


Generalized Scleroderma Associated with 
Chronic Ulcerative Colitis’ 


RicHARD QO. Bicks, mM.p., MosHe B. GOLDGRABER, M.D. and JosEPH B. KIRSNER, M.D. 
Chicago, Illinois 


CLERODERMA is a “collagen” disease of un- 
known etiology, characterized by atrophy of 
the skin, vasospastic phenomena, arthritis and 
visceral involvement of the esophagus, lungs, 
heart and kidneys in more than 50 per cent of 
cases [/}. This report is presented to illustrate 
(1) generalized scleroderma associated with 
syinptoms and signs of ulcerative colitis; (2) the 
spectrum of collagen diseases presented by this 
patient; (3) the failure of steroid hormones to 
improve the course of the disease; and (4) cer- 
tain complications of steroid therapy. 


CASE REPORT 


V.S. (AMBH No. 52 41 39), a twenty-four year old 
white, single, female art student, was first admitted 
to Billings Hospital in April, 1950, with the chief 
complaints of diarrhea, joint and muscle pain and skin 
rashes of three years’ duration. She had been well 
until 1945 when, at the age of fourteen, weakness, 
weight loss and bilateral exophthalmos developed. 
Radiation to the thyroid caused disappearance of all 
symptoms; the exophthalmos was unaffected. Three 
years later, dull aching pain developed in the shoulders, 
back and arms, which was followed shortly thereafter 
by severe cramping abdominal pain and bloody 
diarrhea. The diagnosis of ulcerative colitis with 
anemia was made in July, 1948, and confirmed by 
x-ray and proctoscopy. Treatment included iron, 
folic acid, sulfonamide drugs and a bland diet. 
By December, 1948, the patient was passing eighteen 
bloody bowel movements daily. The diarrhea gradu- 
ally subsided, only to recur in April, 1949. She con- 
tinued to have five to six bowel movements per day 
until April, 1950, when first admitted to Albert 
Merritt Billings Hospital. 

Three months after the initial onset of diarrhea the 
patient noted increasingly severe fatigue and general 
malaise. Exposure to cold caused blanching, numb- 
ness and pain in the fingers. Generalized muscle 
stiffness and pain appeared and became progressively 


worse. Intermittent bouts of cervical lymphadenop- 
athy, sore throat and dysphagia occurred in the spring 
of 1950. Transient skin rashes appeared on the legs. 
Eighty units of ACTH given daily for three weeks 
in June, 1950, relieved the symptoms; however, cessa- 
tion of therapy was followed by severe exacerbation. 

Three months later an egg-sized, painful and 
tender mass appeared in the left popliteal fossa. 
Small, painful nodules developed over the elbows 
and metacarpal phalangeal joints. Three months 
later the patient began to experience migrating 
arthralgia, with occasional red, hot and tender swell- 
ings of the ankles, elbows and fingers; joint move- 
ments became restricted. In addition, she described 
episodes of chills and low grade fever, followed by 
temporary relief of the joint and muscle pain. For 
six months prior to admission she had been bedfast 
and had lost 20 pounds in weight. 

Physical examination revealed an emaciated, 
chronically ill woman. The blood pressure was 100/65 
mm. Hg; the pulse rate was 82 and the temperature 
was 37°c. The skin was dry, smooth and pale, with 
some thickening and loss of wrinkling over the fore- 
head. An acneiform rash was present on the face. 
There was bilateral exophthalmos. The epitrochlear 
lymph nodes were palpable and tender. There was 
decreased fremitus and dullness in the right posterior 
lung base. The heart was not enlarged; the pulmonic 
second sound was louder than the aortic sound; soft 
systolic apical and basal murmurs were easily audible. 
Abdominal examination was not remarkable. Move- 
ment of practically all the joints was painful; lateral 
jaw motion was restricted. The knees were hot. The 
fingers were hyperextensible and slightly clubbed. 
Tender, red nodules, 3 to 5 mm. in diameter, were 
present over the metacarpophalangeal joints. 

Laboratory data included a negative serum Kahn 
test. The white blood cell count was 7,800 per cu. mm. ; 
hemoglobin 10 gm. per cent; red blood cell count 3.7 
million per cu. mm.; hematocrit 34 per cent; sedi- 
mentation rate 38 mm./hour; and the differential 
was normal. Urinalysis revealed 1 plus albuminuria, 
which subsequently cleared. The non-protein nitro- 


* From the Department of Medicine, University of Chicago, Chicago, Illinois. 
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Fic. 1. Barium enema examination showing involvement 
of the entire colon with lack of haustrations, shortening 
and some marginal serration. 


gen was 16 mg. per cent; the serum electrolytes, cal- 
cium and phosphorus were normal. The total plasma 
proteins were 8.5 gm. per cent; albumin 4.4 gm. per 
cent; globulin 4.1 gm. per cent. Cephalin and thymol 
flocculation tests were negative. The feces gave 4 plus 
reactions for occult blood. There were non-specific 
changes in the electrocardiogram. The basal meta- 
bolic rate was minus 2 per cent. Examination of the 
bone marrow revealed increased plasma cells and 
lymphocytes; no L. E. cells were demonstrable. 
Proctoscopy revealed a granular, moderately friable, 
bleeding mucosa. X-ray examination disclosed a 
normal esophagus, stomach and duodenal bulb. The 
colon manifested loss of haustration, rigidity, mucosal 
ulceration and marginal serration, consistent with 
ulcerative colitis involving the entire bowel. (Fig. 1.) 
Initial x-rays of the chest demonstrated slightly 
accentuated bronchovascular markings bilaterally, 
especially on the right; subsequent films revealed 
increasing pulmonary infiltrates, compatible with 
fibrosis or congestion. Skin and muscle biopsies were 
not diagnostic. Biopsy of a nodule on the elbow was 
consistent with the diagnosis of rheumatoid arthritis. 
Cultures of the blood, urine, nose and throat and 
feces were negative for pathogenic bacteria. A diag- 
nosis of scleroderma was considered but not established 
definitely at this time. 

The clinical course was characterized by frequent 
bouts of chills, fever to 40°c., an intermittent maculo- 
papular rash on the extremities, frequent bloody 
bowel movements and generalized arthralgia and 
myalgia. The patient’s response to ACTH in amounts 
up to 200 units per day was poor. Definite sensitivity 


to the drug was demonstrated by positive skin tests; 
this sensitivity included hog, beef and sheep ACTH 
from several companies. Administration of corti- 
cotropin produced generalized urticaria, chills, fever 
and increased joint pain. The clinical response to 
cortisone was only fair. Clinical signs of pleural 
effusion, myocarditis and pericardial effusion ap- 
peared. Microscopic hematuria was noted on several 
occasions. After nine months of hospitalization the 
patient was discharged as moderately improved on a 
regimen comprising a bland diet, sulfonamides, 
phenobarbital and belladonna, codeine, large amounts 
of salicylates and cortisone. 

She was observed in the outpatient department for 
fifteen months and maintained on cortisone in doses 
of 150 to 300 mg. daily. There were frequent bouts 
of fever, joint swellings and diarrhea during this 
period but arthralgia and myalgia were the major 
symptoms. From this time on, symptoms of colitis were 
of relatively minor importance, but always present. A 
trial of phenylbutazone was unsuccessful, for the drug 
produced skin rash and fever. She also had sensitivity 
to various sulfonamides. 

The patient was rehospitalized in February, 1953, 
complaining of joint pains and swelling, anorexia, 
exertional dyspnea, painful blanching of the fingers on 
exposure to cold, and diarrhea. Physical examination 
revealed a “‘moon-faced,’’ emaciated, chronically ill 
woman, who sat with her head and neck held stiffly; 
movement of any kind was slow and painful. The 
anterior and posterior cervical lymph nodes were 
enlarged. Rales were audible over both lung bases. 
Painful nodules were present on both wrists; the 
knees and ankles were swollen. The white blood cell 
count was 8,500 per cu. mm.; hemoglobin was 11.6 
gm. per cent; the differential blood smear was normal; 
sedimentation rate 47 mm./hour. The basal metabolic 
rate was plus 1 per cent. The urine was normal. The 
values. for serum albumin and globulin were 3.0 and 
4.6 gm. per cent. Benzidine tests of the feces gave 0 to 
4 plus reactions. Several examinations for L. E. cells 
in the peripheral blood were negative. X-rays of the 
chest revealed pulmonary fibrosis. X-rays demon- 
strated osteoporosis of the knee joints and reduced 
excursion of the left temperomandibular joint. The 
course was characterized by frequent bouts of fever, 

joint pain and stiffness. The patient experienced 
periods of marked depression and psychotic episodes, 
always responding to reduction in the dosage of 
steroids. Several attempts to withdraw cortisone 
caused increased fever, joint pain and swelling. After 
five months of hospitalization she was discharged on 
150 mg. of cortisone per day. During the next five 
months loss of sensation, paresthesia, swelling and 
pain in the fingers developed. Breathing became in- 
creasingly difficult. The quantity of cortisone was 
increased gradually to 400 mg. per day; salicylates 
were administered to the point of toxicity. 

In November, 1953, she was readmitted in mori- 
bund condition, two days after the onset of bright red 
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hematemesis and melena. The blood pressure and 
pulse were unobtainable. Emergency operation re- 
vealed a briskly bleeding duodenal ulcer, penetrating 
into the pancreas; a subtotal gastrectomy with an- 
terior gastroenterostomy was performed. There 
were no changes of scleroderma in the resected speci- 
men. The gastric mucosa contained scars of healed 
ulcers and a shallow active ulceration. She was dis- 
charged one month later on a regimen of 50 mg. corti- 
sone per day. 

The patient then was observed for five months in 
the outpatient department. Joint pains continued to 
predominate the clinical picture. Hydrocortisone was 
given in doses up to 150 mg. per day with little bene- 
ficial effect. Epigastric pain developed and continued 
day and night. Four months after this hospitalization, 
a persistent respiratory infection developed and she 
began to cough large amounts of whitish mucoid 
material. Two weeks later, fluoroscopy revealed a 
pleural effusion. Orthopnea became very pronounced 
and she was readmitted to the hospital in May, 1954. 
Physical examination revealed dullness over both 
lung bases, increased fremitus at both bases, dimin- 
ished diaphragmatic excursions, coarse rales in the 
left apex and distant breath sounds. An erythematous 
rash was present on the trunk and arms. X-ray 
examination of the chest revealed diffuse parahilar 
infiltration and scarring. There was osteoporosis of 
the thoracic spine with a compression fracture of T-12. 
The feces gave 1 to 2 plus reactions for occult blood. 
Cultures of the sputum were negative for pathogens. 
Diuretics, digitalis and antibiotics were ineffective. 
The patient was discharged two months later on a 
dose of 100 mg. hydrocortisone per day. 

She was readmitted in August, 1954, complaining 
of vomiting, hoarseness, cough, dyspnea, weight loss 
and joint swellings. An erythematous maculopapular 
rash was present over the back and chest. Mandibular 
motion was restricted. Respiratory movements were 
rapid, irregular and shallow. Rales and coarse rhonchi 
were audible throughout the chest. Aortic systolic, 
left parasternal systolic and apical systolic murmurs 
were present. Two weeks later, friction rubs were 
heard over the left anterior and right anterior lung 
bases. The white blood count was 14,000 per cu. mm.; 
and hemoglobin 9.9 gm. per cent; and sedimentation 
rate 56 mm./hour. The urine contained a trace of 
albumin and red blood cells. The protein bound 
iodine was 2.6 ug and the basal metabolic rate plus 7 
per cent. The patient was given 30 mc. of I'*! in an 
effort to retard the progress of the scleroderma. 
She was discharged one month later. In December, 
1954, she suffered a fracture of the neck of the left 
humerus, secondary to osteoporosis and trauma. 

The final admission on February 20, 1955, was 
because of severe weakness, productive cough, 
dyspnea and diarrhea. The blood pressure was 90/50 
Hg and the pulse rate was 132. There was severe 
orthopnea with marked respiratory distress; the tem- 
perature was elevated. Other symptoms were constant 
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drooling of thick, tenacious mucoid sputum and fre- 
quent cough. Coarse rhonchi and fine rales were 
audible at both bases. There was dullness and de- 
creased fremitus at both bases. The hemoglobin was 
7.3 gm. per cent and white blood count 4,900 per cu. 
mm. The urine contained 1 plus albumin, occasional 
red blood cells and many leukocytes. The feces were 
positive for occult blood. Treatment included oxygen, 
blood transfusions, tracheal aspiration and cortisone. 
The patient remained lethargic and grew steadily 
worse. Death occurred five days after admission 
because of respiratory failure. 

At autopsy (performed by Dr. B. Spargo three 
and a half hours after her death) the patient was 
markedly emaciated. The gross findings included 
bilateral exopthalmos with scleral ulceration, shiny 
atrophic skin over the chest and forearms, a recent 
tracheotomy incision, generalized edema of the trunk 
with serous atrophy of fat, fusiform swellings of the 
left elbow and left knee and arthritic changes in the 
metacarpal-phalangeal joints of both hands. There 
were decubitus ulcers on the sacrum and right hip and 
a well healed epigastric scar. 

The thyroid was small, fibrotic and stony hard. The 
lungs were congested, firm, dark red and gritty on 
cutting. There were dense pleural adhesions, with 
loculated pleural effusions which contained up to 
150 cc. of serous fluid. Examination of the heart 
revealed thickening of the chordae tendinae of the 
mitral valve. The esophagus was thickened uni- 
formly. Superficial mucosal ulcers were present in the 
distal one-third of the esophagus. The stomach 
contained a well functioning gastroenterostomy and 
thickened walls. ‘The colon had an increasingly nar- 
rowed lumen with a circumference of 4 cm. at the 
cecum and 3 cm. at the sigmoid. The bowel wall was 
progressively thickened from the cecum to the sigmoid. 
In the distal 18 inches of ileum, the mucosa was hyper- 
plastic and contained small superficial ulcerations. 
No gross ulcerations were present in the colon. The 
adrenals were thin and atrophic. 

Microscopic examination revealed scleroderma of 
the skin (Fig. 2) with flattening of the epidermis and 
deposition of dense acellular collagen in the dermis. 
There was diffuse fibrosis in the lungs, with distention 
of alveoli by mucus. The bronchioles showed focal 
proliferation, and sclerosis of small-sized pulmonary 
vessels was apparent. There was extreme atrophy of 
the adrenal cortex, especially in the zona fasciculata, 
and hyalinization of arterioles. Hydropic and colloid 
changes were noted in the proximal convoluted 
tubules of the kidneys. Proliferative and degenerative 
changes were observed in the arterioles. No follicles 
were seen in the thyroid, which was replaced by 
dense fibrous tissue. The pituitary contained an in- 
creased number of eosinophils and enlarged basophils, 
with loss of pigment and central vacuolization 
(Crooke’s changes). Passive congestion was present 
in the liver and spleen. Areas of focal fibrosis and 
infiltration by plasma cells and lymphocytes were 
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Fic. 2. Section of the skin. Atrophy of the epidermis. The thickened dermis shows 


deposits of hyaline, curled collagen masses. Original magnification, K 100. 


present in the heart. Changes suggestive of early 
demyelinization were noted in peripheral nerves, but 
the brain showed no focal changes. In the lower 
esophagus there was thickening of the mucosa, 
hypertrophy of the muscularis mucosae and pro- 
nounced inflammatory infiltration of the lamina 
propria and submucosa. (Fig. 3.) The internal muscle 
layer was largely replaced by fibrous tissue. There 
was venous stasis and thickening of arteriolar walls. 
Cellular infiltration was present in the lamina propria 
of the small bowel. The muscle layers stained with 


Fic. 3. Lower part of the esophagus. There is diffuse cellular infiltration in the 
submucosa, vascular engorgement and fibrous replacement of the inner layer of 
the muscularis propria. Original magnification, 52. 


differing intensity. The colon also manifested in- 
creased cellularity in the lamina propria. There 
were microscopic areas of superficial ulceration; other 
sites had a cuboid type of surface epithelium which 
was indicative of regeneration. The muscularis 
mucosae was hypertrophic and the submucosa was 
widened and infiltrated with fat. The muscularis 
propria was hypertrophic. In one microscopic area 
there was an infarct-like appearance, with muscle 
atrophy and replacement by connective tissue. (Fig. 
4.) Acellular collagen was noted in small areas in the 
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submucosa. The intima of the blood vessels was 
thickened and the media fibrotic. The serosa was 
thickened diffusely. 


COMMENTS 


Gastrointestinal involvement in scleroderma is 
well documented | 7,2,3|. Hypomotility, esophag- 
eal dilatation, constriction, atrophy of muscles 
and collagenous replacement of submucosal 
tissues cause dysphagia, the principle and often 
the only symptom of gastrointestinal sclero- 
derma [4]. Histological evidence of esophageal 
scleroderma frequently is present despite the 
absence of clinical manifestations [5}. 

Careful roentgenological and microscopic 
studies of small groups of patients with sclero- 
derma have demonstrated involvement of both 
the small and large intestine [6,7,8|. Roentgen 
observations in the small intestine have included 
local areas of widening, puddling, dilated loops 
and delayed passage of barium. In most cases, 
these findings have been associated clinically 
with nausea, vomiting and constipation and 
partial intestinal obstruction. Sclerodermatous 
involvement of the colon has rarely been re- 
ported and almost never associated with clinical 
findings [9]. Hale and Schatzki [70] described 
two patients with sacculation and localized 
rigidity of the colon, as seen by x-ray. In one 
patient this was accompanied by crampy 
abdominal pain and diarrhea; sigmoidoscopy 
revealed no abnormalities. In the report of a 
fatal case [77], the colon demonstrated mucosal 
atrophy and collagenous replacement of the 
smooth muscle of the descending and sigmoid 
colon. Proctoscopy had been negative but the 
patient died of gangrene of the bowel secondary 
to thrombosis of major arteries. 

In an autopsy series of thirty-one cases [7], 
fibrotic, rigid segments of the colon, associated 
with mucosal inflammation and ulceration, were 
noted in two patients. Sixty-four per cent of the 
patients in this series had _ gastrointestinal 
involvement, mainly esophageal. Other lesions 
included mucosal ulceration with inflammatory 
infiltrates and sclerosis of the submucosa of the 
stomach, and fibrosis and sclerosis of the sub- 
mucosa of the small bowel. Of six colons ex- 
amined, two were normal, two had fibrosis of 
the submucosa and two had findings similar to 
those noted in the present case. 

Kemp-Harper [73] found definite roent- 
genological abnormalities in the colon in eight 
of eleven patients. These consisted of an asym- 
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Fic. 4. Colon. Fibrous replacement of the external layer 
of the muscularis propria. Original magnification, X 65. 


metrical outline of the bowel, with haustration 
on one side and wide-mouthed diverticula on 
the other; these pouches remained open and 
filled with barium after evacuation. Changes 
were found in patients with or without gastro- 
intestinal symptoms. In one patient examined at 
necropsy, the severe involvement of the de- 
scending colon resembled ulcerative colitis. 
Clinically, there were no symptoms of ulcerative 
colitis, and sigmoidoscopy had demonstrated 
a gray, ‘‘sclerodermatous” mucosa in six of the 
eleven cases. Cullinan [74] believes that this 
is a characteristic finding of scleroderma at 
proctoscopy. 

In the present case, signs and symptoms com- 
patible with ulcerative colitis apparently pre- 
ceded the dermal manifestation of scleroderma 
by at least five years. Careful, repeated roentgen 
and proctoscopic studies of the colon by experi- 
enced observers were interpreted as character- 
istic of ulcerative colitis. The important 
anatomic features of‘ ulcerative colitis are 
mucosal ulceration with islands of glandular 
hyperplasia and infiltration with acute and 
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chronic inflammatory cells [7/2]. The present 
patient manifested many of these features which 
were consistent with the microscopic diagnosis 
of ulcerative colitis: infiltration of the lamina 
propria, ulceration, thickening of the sub- 
mucosa with deposition of fat, general thickening 
of the intestinal wall and narrowing of the lumen. 
The patchy deposition of collagen in the sub- 
mucosa and arteriolar fibrosis, fibrous replace- 
ment of the external muscularis and thickening 
of the serosa are suggestive of scleroderma. Fea- 
tures of both diseases were apparent in the 
present case. This is consistent with the observa- 
tion that the basic pathological process of col- 
lagenosis may involve any organ with connective 
tissue, the signs and symptoms depending on the 
organ involved [75]. 

The entire gamut of collagen diseases emerged 
during this patient’s course. The clinical diag- 
noses of rheumatoid arthritis, rheumatic fever, 
systemic lupus erythematosus, polyarteritis no- 
dosa, dermatomyositis and scleroderma were 
suggested at various times. At least two of these 
diseases, rheumatoid arthritis and scleroderma, 
were proved histologically. The multiple organs 
that were affected, i.e., muscle, bone and joint, 
skin, heart, kidneys, pleura and colon, are 
characteristic of diffuse collagen disease | 7/6}. 
Eight L. E. preparations were negative; two skin 
biopsies were normal. Biopsy of a skin nodule 
during the phase of active ulcerative colitis 
was consistent with the diagnosis of active 
rheumatoid arthritis. This overlapping of clinical 
syndromes of collagen disease has been reported 
previously [77]. 

A possible relationship of ulcerative colitis to 
diffuse collagen diseases, because of anatomical 
changes in the basement membranes of the 
connective tissue of the rectum as noted in 
biopsies of patients with ulcerative colitis, has 
been suggested previously [78]. A common fea- 
ture of patients with ulcerative colitis and diffuse 
collagen disease is the frequency and severity 
of allergic reactions to blood transfusions and 
various drugs. Both of these diseases may be 
related to the hypersensitivity state although 
there is no conclusive evidence at present [20,27]. 

Apart from the lack of effect upon the relent- 
less course of the scleroderma, serious complica- 
tions were produced by corticotropin, cortisone 
and hydrocortisone. There were the usual 
physical and electrolyte changes associated with 
steroid-induced Cushing’s syndrome: ‘‘moon 
facies,” acne, edema, hypokalemia, hyper- 


Scleroderma with Ulcerative Colitis—Bicks et al. 


natremia and hypochloremic alkalosis [78]. 
Adrenal cortical atrophy and Crooke’s changes 
in the pituitary basophils were observed histo- 
logically. Steroid-induced psychosis, noted in 
approximately 5 per cent of patients with ulcera- 
tive colitis given steroids [22], also developed in 
this patient. The psychosis was manifested by 
agitation, depression and extreme emotional 
lability. It always subsided after rapid reduction 
in dosage of the steroids; however, this decrease 
invariably was followed by an exacerbation of 
the symptoms of fever, arthralgia and diarrhea. 

The massively bleeding duodenal ulcer which 
necessitated emergency surgery was another 
dramatic complication. The ulcer was a pene- 
trating lesion associated with poor inflammatory 
response; scars of healed shallow gastric ulcers 
were also noted histologically. True peptic 
ulceration has been estimated to occur during 
the lifetime of 10 per cent of the population [ 23). 
It has been described also as a complication of 
steroid therapy |2/|. However, there is no con- 
clusive evidence as yet that the frequency of 
“steroid-ulcer” significantly exceeds the ex- 
pected incidence of peptic ulcer in chronically ill 
patients. In this patient no significant changes 
were noted in gastric secretion before subtotal 
gastric resection. It should be noted that there 
was no recurrence of ulcer or symptoms despite 
an inadequate gastric resection and despite the 
continued administration of large amounts of 
steroids. It is of interest that in a young woman 
of similar age with severe ulcerative colitis, 
shortly after the present patient was operated 
upon, a large duodenal ulcer with intractable 
hemorrhage developed, which also required 
surgical management. However, in contrast to 
the present case, the second patient had never 
received steroids. 

Bone surveys demonstrated generalized osteo- 
porosis. The last year of the patient's life was 
complicated by compression fractures of the 
thoracic vertebrae and of the left humerus. The 
mechanism of this relatively rare [25] complica- 
tion of steroid therapy is not clear, but seems to 
be related to the antianabolic effects of the 
adrenal steroids. It occurs most commonly in 
postmenopausal women on limited activity and 
prolonged therapy. Generalized osteoporosis is a 
prominent finding in Cushing’s disease [26]. 

Corticotropin and cortisone have been admin- 
istered successfully in the treatment of both 
ulcerative colitis and scleroderma {27,28}. Per- 
haps “‘non-specific’’ ulcerative colitis encom- 
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passes diseases of varying etiology, including 
undetected viral infections, collagen disorders 
and still other undefined types | 29]. The differing 
pathogenic mechanisms may explain, in part 
at least, the failure of otherwise potent steroid 
therapy to influence the course of ulcerative 
colitis in all patients. The present case suggests 
the desirability of careful investigation of each 
patient with apparently non-specific ulcerative 
colitis for possible specific etiologic factors. 


SUMMARY 


A case of generalized scleroderma associated 
with the clinical syndrome of non-specific 
ulcerative colitis is presented. The diagnosis was 
difficult to establish clinically and pathologically. 
The clinical course was characterized by a 
spectrum of collagen diseases that included 
systemic lupus erythematosus, rheumatic fever, 
rheumatoid arthritis, dermatomyositis and 
scleroderma. [The patient received 11,000 units 
of ACTH, 48,000 mg. of hydrocortisone and 
162,000 mg. of cortisone over a period of five 
vears without significantly influencing the 
relentless course of the disease. The following 
complications of steroid medication developed: 
Cushing’s syndrome and adrenal cortical 
atrophy, steroid psychosis, peptic ulcer and 
osteoporotic fractures of the vertebrae and 
humerus. 
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Bilateral Adrenal Hemorrhage 
Complicating Dicoumarol Therapy 


for Myocardial Infarction’ 


V. CHOKAS, M.D. 
Fort Riley, Kansas 


ILATERAL adrenal hemorrhage complicating 
B anticoagulant therapy is rare. | have found 
only two autopsied cases in the literature and one 
presumptive case [/7,33]. In all of these heparin 
was the anticoagulant used. 

The following case is one in which bilateral 
adrenal hemorrhage occurred during dicou- 
marol therapy for myocardial infarction. 


CASE REPORT 

Patient H. M.., a fifty-five year old white man, was 
admitted to The Mountainside Hospital on October 
10, 1956 with a history of “blackout” while returning 
home from work. The week prior to admission he 
noted fatigue, with a sense of uneasiness in the anterior 
chest, but no pain. His skin was moist and cool, his 
nail beds were cyanotic. The blood pressure im- 
mediately after the ““‘blackout”’ was 90/60 mm. Hg but 
it soon rose to 120/70 mm. Hg. The pulse was 100 per 
minute and irregular. The head and neck were within 
normal limits. The heart sounds were distant, no 
thrills or murmurs were present. Moist medium rales 
were heard at the lung bases. There were no ab- 
dominal masses and the liver, kidney and spleen were 
not palpable. An electrocardiogram was taken and 
interpreted as consistent with a posterior wall infarc- 
tion, with flutter-fibrillation. The patient was digi- 
talized with digoxin, and heparin and dicoumarol 
were given. The heparin was stopped when the 
dicoumarol took effect. Other therapy included a low 
salt diet, demerol for extreme restlessness or pain, 
nasal oxygen, sedatives, and a combiotic late in the 
hospital course when a pneumonitis could not be 
excluded. Papaverine 1 gr. administered intra- 
muscularly every four hours, was given beginning on 
October 22, 1956, when embolization to the left leg 
was considered. At 12 noon on October 20, 1956 
equanil® was given for the extreme apprehension the 
patient exhibited. It was stopped at 8 p.m. on October 
21; thorazines,® 25 mg. intramuscularly, was given on 
October 22, for two doses six ‘hours apart. 


Laboratory findings on admission were as follows: 
hemoglobin, 13.6 gm. per cent; red blood cells, 4.0 
million per cu. mm.; white blood cells, 10,500 per cu. 
mm. with polymorphonuclear leukocytes, (PMN) 
76 per cent; lymphocytes, 18 per cent; monocytes, 
3 per cent; eosinophils, 0; basophils, 0. 

Daily white blood counts and differential counts 
indicated a mild leukocytosis, with an average count 
of 12,500 per cu. mm. and PMN predominance 
(average, 84 per cent) which subsided to normal until! 
the last four days of life. On October 19, 4 per cent 
eosinophils were noted with a white blood count of 
9,000 per cu. mm. On October 20 the white blood 
count soared to 18,300 per cu. mm. with 94 per cent 
PMN, 5 per cent lymphocytes and 1 per cent mono- 
cytes. On October 21 the white blood count was 
11,330 per cu. mm. with 78 per cent PMN, 20 per 
cent lymphocytes and 2 per cent eosinophils. On 
October 22, the white blood count rose to 21,600 per cu. 
mm. with 89 per cent PMN, 10 per cent lymphocytes, 
and 1 per cént monocytes. The erythrocyte sedimenta- 
tion rate on admission was 6 mm. in the first hour, but 
it rose rapidly to 92 mm. and remained in that range 
until the last two days of life; it was 35 mm. on the 
last day of life (October 23). Serial electrocardiograms 
showed evolutionary changes with gradual slight 
improvement until October 22, when evidence 
of extension of the infarct with a marked 
increase in the elevation and depression of the ST 
segments, especially in leads m, AVF, V2, 3, 4, 5 and 6. 
A serum transaminase taken on the morning of 
October 23, the last day of life, was 26 units (normal). 

The prothrombin times were as follows: October 11, 
16 seconds; October 12, 19 seconds; October 13, 19 
seconds; October 14, 23 seconds; October 15, 32 sec- 
onds; October 16, 32 seconds; October 17, 25 seconds; 
October 18, 19 seconds; October 19, 23 seconds; 
October 20, 27 seconds; October 21, 32 seconds; 
October 22, 25 seconds; and October 23, 25 seconds. 

The patient’s hospital course was characterized by 
extreme anxiety, nausea and restlessness. Inter- 
mittently he complained of aching pain in the chest. 


* From the Department of Medicine, The Mountainside Hospital, Montclair, New Jersey 
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The biood pressure during his hospital stay ranged 
between 110/70 to 94/60 mm. Hg, until October 
20. The temperature, after an initial elevation to 
102°r. on October 12, remained about 99° to 100°r. 
until October 21. The pulse was 80 to 90 per minute 
until October 21. 

Early in the hospital course he complained of no 
abdominal pain. On October 20 epigastric distress, 
abdominal distention and “gas-pains’’ developed, and 
he had frequent eructations. He passed flatus and felt 
relieved momentarily. The blood pressure increased 
to 134/100 mm. Hg while the pulse and temperature 
remained the same. 

On October 21 the patient was disoriented but 
had no further abdominal! pain although his abdomen 
was still distended and he was still eructating. The 
blood pressure was 122/84 mm. Hg, pulse 90 to 104, 
and the temperature increased to 102° to 103°r. There 
was no edema of the ankles or distention of the neck 
vein but rales were sull present at the lung bases. 

On October 22, the patient was talking loudly to 
himself and had hiccups and nausea. He was com- 
plaining of continuous numbness and intermittent 
pain in the left leg and foot. No peripheral pulsations 
were noted in either foot. The question of emboliza- 
tion to the left lower extremity arose. The patient was 
restless and a cold sweat developed. The temperature 
was now 104°r., the pulse 90 to 104 per minute, and 
the blood pressure had dropped to 90/60 mm. Hg. 

On October 23 at 2 a.m. the blood pressure was 
suddenly unobtainable. The temperature remained at 
104°r., while the pulse rate increased to 130 per 
minute. The patient's color was dusky, with cyanotic 
lips and nail beds. A levophed” infusion was started 
and the blood pressure rose to 92/72 mm. Hg. At 4 
A.M. the blood pressure was again unobtainable. 
The infusion rate was increased and again the blood 
pressure rose. The abdomen was quite distended and 
the patient was irrational. He had no abdominal pain. 
The blood pressure began dropping, the levophed 
infusion was less effective in raising the blood pressure 
and at 12:30 p.m. the patient had a spontaneous bowel 
movement and died. 

At autopsy (performed by Dr. Alfred Zettner four- 
teen hours after death), there was no evidence of 
purpura externally. There were hematomas about 
needle puncture wounds in both antecubital fossae. 

The heart weighed 460 gm. and was moderately 
enlarged. On the posterior aspect of the left ventricle 
there were several small confluent subepicardial 
hemorrhages and some deep in the myocardium. Al- 
most the entire posterior and lateral wall of the left 
ventricle was infarcted and there was an 0.4 cm. 
organizing thrombus firmly adherent to the endo- 
cardium of the left ventricle in the infarcted area. A 
firmly adherent thrombus occluded the lumen of the 
circumflex branch of the left coronary artery. Micro- 
scopically, the bulk of the infarct appeared to be three 
to six weeks old, with smaller foci of somewhat recent 
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origin. Where the infarct involved almost the entire 
thickness of the ventricular wall, there were central 
areas of muscle fiber necrosis without hemorrhage or 
neutrophilic infiltration, a not uncommon finding in 
large myocardial infarcts. There were large confluent 
recent hemorrhages in the para-aortic tissue in the 
region of the arch of the vessel. 

The lungs were normal in size, shape and texture 
but contained a fairly large amount of edema fluid 
and blood which oozed from the cut surface. The 
pulmonary artery, venae cavae and the large veins 
were within normal limits. 

Both leaves of the diaphragm were the seat of 
extensive recent hemorrhages, particularly beneath 
the pleural and peritoneal surfaces, and also into the 
muscle itself. Microscopic examination revealed 
sheets of erythrocytes that extended between the 
skeletal muscle fibers, and some of the latter showed 
evidence of early degeneration. 

The spleen was of normal size and shape and dis- 
played two infarcts each measuring 3 cm. across. 
The splenic artery and vein were within normal limits. 
The pancreas was normal. 

The adrenals were markedly altered in size and 
shape. They were globular and measured about 6.5 by 
5.5 by 5.4 over-all. On section they consisted of a thin 
shell of yellow-red cortical tissue surrounding what 
appeared to be a blood clot. No medullary tissue was 
identified. The hemorrhagic portions had a fairly 
uniform and homogeneous appearance, were dark 
red in color, friable and dry with no visible liquid 
blood. (Fig. 1.) Multiple sections (16) of both adrenals 
revealed bland thrombi in the main adrenal veins 
bilaterally, and thrombi were present in some of the 
small thin walled adjacent tributaries. These thrombi 
showed little or no evidence of organization. All about 
the occluded veins there were large sheets of erythro- 
cytes in various stages of disintegration and a few 
leukocytes which together had replaced the adrenal 
tissue with the exception of a few remaining intact 
cortical cells located just beneath the capsule. In some 
areas of the hemorrhagic degenerating cortex there 
was focal heavy neutrophilic infiltration and here 
many of the neutrophils showed evidence of fragmen- 
tation and degeneration. In still other fields the 
hemorrhage was of very recent origin without any 
visible reaction to it. Here and there the hemorrhage 
extended through the capsule into the periadrenal 
fibroadipose tissue where there was often considerable 
reaction to it in the form of neutrophilic infiltration 
and early fibroblastic proliferation. (Fig. 2.) There 
was no evidence of arterial obstruction in the form 
of embolization or thrombosis, and only mild arteriolar- 
sclerosis. 

The kidneys were of the usual size and shape and 
both displayed areas of recent infarction. Micro- 
scopically, there were zones of typical coagulation 
necrosis and there was no arteriolar or glomerular 
disease. The renal arteries and veins were within 
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Fic. 1. Representative cross-sections of the adrenal glands. Each adrenal presents a thin rim of 
cortex which surrounds what appears to be a blood clot. No medullary tissue is identified. 


Fic. 2. Microscopic section. Periadrenal fibroadipose 
tissue and adrenal cortex, showing degenerating adrenal 
cortex with degenerating red blood cells. Original 


magnification, X 100. 


normal limits. With the exception of microscopic 
recent hemorrhage into the mucosa and submucosa 
of the urinary bladder, the rest of the urinary tract 
revealed no abnormalities. 

The small intestine was markedly dilated with gas. 
There were small scattered subserosal hemorrhages 
especially in the antemesenteric region of the intestinal 
wall. 

Gross examination of the central nervous system 
revealed no abnormalities. A section of brain revealed 
hyperemia of the arachnoid and pial vessels but no 


other significant abnormalities. The capillaries deeper 
in the brain tissue likewise were filled with sheets of 
erythrocytes. 

There was no significant lymphadenopathy. A 
section of vertebral bone marrow revealed no ab- 
normalities except for a slight predominance of the 
granulocytic series as compared with the erythrocytic 
series, probably reflected in the marked leukocytosis 
noted on October 22. Scattered about in the marrow 
were numerous well-formed megakaryocytes, many of 
which appeared to be forming platelets. 

Summary of pertinent autopsy findings: There were 
multiple recent hemorrhages into the para-aortic 
tissue (region of the arch), perirenal tissue, subserosal 
tissue of the small intestine and into the diaphragm. 
There was massive hemorrhagic infarction of the 
adrenal glands bilaterally with bilateral bland 
thrombosis of the main adrenal veins. The urinary 
bladder was the seat of a hemorrhagic cystitis. There 
was recent thrombosis of the circumflex branch of the 
left coronary artery with large recent infarcts of the 
posterior and lateral walls of the left ventricular 
myocardium. The organizing mural thrombus in the 
left ventricle may have been the source of emboli that 
may have caused the splenic and renal infarcts. 


COMMENTS 


The blood supply of the adrenal is very pro- 
fuse. Each adrenal is.supplied by numerous 
vessels, derived from the phrenic, aortic and 
renal arteries, which divide as they course 
toward the adrenal, arborizing profusely at the 
margin of the gland to supply the cortical 
sinusoids [4]. Each adrenal is drained by only 
one adrenal vein [4], making it extremely 
vulnerable to infarction if thrombosis should 
occur. In adults, in the absence of septicemia, 
thrombophlebitis of the adrenal vein, either 
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primary |/| or secondary to local inflammation, 
or to infection, is the most common cause of 
adrenal hemorrhage | /,/4,/5,/8,27). 

Rich noted that various acute infections pro- 
duce damage to the adrenal cortex with necrosis 
of isolated cells and transformation of the solid 
cords of the zona fasciculata into tubular struc- 
tures containing an inflammatory exudate. He 
further noted that circulatory collapse alone did 
not produce these lesions |28|. Wilbur and Rich 
were able to produce this “tubular degenera- 
tion’ in experimental animals by administering 
large doses of ACTH |36|. They suggest that 
these changes precede the hemorrhagic necrosis 
in overwhelming sepsis. An impression has been 
gained that stress itself and the adrenal stimula- 
tion which it occasions may predispose the 
cortex to hemorrhagic destruction. Thus one 
patient was reported to have died of massive 
adrenal hemorrhage following cholecystectomy 
in the absence of diffuse vascular disease, blood 
loss, sepsis, ete. | 29). 

Dicoumarol affects blood coagulation by caus- 
ing hypoprothrombinemia. Bleeding is the out- 
standing feature of toxicity. Iwo components 
appear to be involved in the hemorrhagic 
syndrome: one is the hypoprothrombinemia and 
the other is vascular damage |/2]. Bingham and 
his co-workers have shown in dogs that a single 
massive dose of dicoumarol sufficient to cause 
the death of the animal caused no hemorrhagic 
manifestations even though the prothrombin 
time was lowered profoundly, while repeated 
smaller doses did produce widespread hemor- 
rhages, with the prothrombin time less pro- 
longed [6]. 

Hemorrhage into the adrenals may result from 
thrombosis of the adrenal veins (and arteries), 
conditions affecting the coagulability of blood, 
and conditions causing vascular damage and/or 
primary damage to cortical cells. In an in- 
dividual case more than one factor may be 

operative. 

the literature, adrenal hemorrhages have 
been reported in association with fatal diph- 
theria, burns, idiopathic thrombophlebitis of 
the adrenal veins [/|, pancreatitis and other 
local inflammation |/4,/5,78|, and with acute 
infections without overwhelming septicemia [74]. 
They have also been noted after trauma [34], 
surgery [29], hypertension [73,20], ulcerative 
colitis with [39] and without ACTH therapy [25], 
metastatic carcinoma [29], electroshock therapy 
and epilepsy [2], leukemia, overwhelming 
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septicemia | /0,/6,22,23,30,35|, in the newborn 
and other associations | 5,7—9,/8,79,26,32,38). 

The clinical picture of adrenal hemorrhage is 
variable, depending on the etiology and whether 
or not the hemorrhage is unilateral | 77,27,24,34] 
or bilateral. The association of bilateral adrenal 
hemorrhage with overwhelming infection results 
in a clinical picture of headache, nausea, vomit- 
ing, diarrhea, abdominal pain, irritability, fever 
and at times convulsions. Shortly after the onset 
a generalized cyanosis appears and is followed 
by a purpuric rash. Evidence of a generalized 
hemorrhagic state is almost always present 
| 1,10,37|. Death usually ensues within twenty- 
four hours unless proper therapy is given. 

In contrast, the symptoms of arterial or venous 
thrombosis are those of an acute condition of the 
abdomen; purpura is usually absent. Patients are 
frequently operated upon in the mistaken belief 
that an acute abdominal episode has occurred 
|7,14|. Early in the hemorrhage little change in 
the blood pressure, temperature, pulse or respira- 
tions may be noted, in contrast to the findings in 
septicemia [37]. However this is not always the 
case. Lavenson’s patient presented a picture of 
sudden onset of vomiting, epigastric pain, 
lumbar tenderness and profound shock, and died 
thirty-six hours after admission. There was no 
purpura [75]. 

Sudden death may be the only manifestation 
of bilateral adrenal hemorrhage, or the clinical 
picture may be dominated by delirium, convul- 
sions and coma [75). 

In the case reported by Thorn et al. the post- 
operative patient became lethargic and anorexic 
and a wound hematoma was noted during 
heparin therapy. The patient deteriorated and 
became comatose. Laboratory studies indicated 
a blood sugar of 43 mg. per cent; serum sodium, 
123 mEq.; and an eosinophil count of 108. 
Replacement therapy was instituted and defini- 
tive studies afterward substantiated the diag- 
nosis. No note is made of abdominal pain [33]. 

In the case summarized from the literature by 
Merz and Aufdermaur sudden shock and death 
within a few hours were the only manifestations 
of the hemorrhage complicating heparin therapy. 
In their own care the patient (seen postopera- 
tively) was a seventy-two year old woman with 
cardiac failure, thrombophlebitis of the left 
leg, and pulmonary embolization, who was 
being treated with heparin. On the sixth day of 
heparin therapy pulmonary embolization devel- 
oped at noon and in the evening sudden collapse 
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with vomiting occurred, followed by a crisis of 
hypertension and meteorism. The coagulation 
times were suddenly prolonged. The patient 
remained apathetic, vomiting persisted; the 
collapse could not be influenced and the patient 
died within three days. Autopsy revealed bi- 
lateral suprarenal hemorrhage without any 
evidence of thrombosis of the adrenal veins. 
There were scattered hemorrhages in other 
organs. The attack of hypertension was inter- 
preted as probably corresponding to the onset of 
the hemorrhage with increased emission of nor- 
adrenalin by the cells of the medulla directly 
into the blood [77]. The diminished capillary 
resistance of old age probably plays an important 
part in the pathogenesis of hemorrhage [77]. 
The cases (3) of bilateral adrenal hemorrhage 
complicating anticoagulant therapy were in older 
individuals [77,33]. 

In the case presented in this paper, autopsy 
indicated a hemorrhagic diathesis. Hemor- 
rhages were present in the para-aortic tissue, 
perirenal tissue, subserosal tissue of the small 
intestine and both leaves of the diaphragm. The 
normal bone marrow and lymphatic tissue 
speaks against a blood dyscrasia as the cause of 
the hemorrhagic diathesis. 

The adrenal glands gave evidence of severe 
bilateral hemorrhagic infarction. ‘The hemor- 
rhagic infarction was not agonal in nature in 
view of the reaction to the hemorrhage and the 
presence of degenerative changes noted in the 
bulk of adrenal tissue bilaterally. It is not possi- 
ble definitely to exclude multiple embolization 
to both adrenals as the cause of the hemorrhage, 
considering the possibility of embolization to the 
kidneys and spleen. However, in view of the 
small size and sheltered locations of the adrenals, 
with an arterial blood supply that is very profuse, 
it is unlikely that simultaneous bilateral em- 
bolization with infarction occurred. 

Thrombosis of the adrenal veins in the absence 
of phlebitis of the adrenal veins must be inter- 
preted with caution. In a small number of cases 
of septicemia and purpura complicated by 
adrenal hemorrhage, adrenal vein thrombosis 
was found. However, in view of the rarity of 
this finding in these cases of adrenal hemorrhage 
caused by overwhelming sepsis, it is considered 
that thrombosis of the adrenal veins is secondary 
to the hemorrhage caused by severe cortical 
cell damage [37]. 

In this particular case it cannot be definitely 
determined whether the infarction preceded 
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or was caused by the adrenal vein thrombosis. It 
is unlikely that a bilateral localized bland 
adrenal vein thrombosis in the presence of a 
generalized hemorrhagic diathesis occurred 
during adequate anticoagulant therapy. Histo- 
logic examination in areas of the degenerating 
cortex revealed neutrophilic infiltration with 
many of the neutrophils showing evidence of 
degeneration. Where the hemorrhage extended 
through the capsule of the adrenal into the peri- 
adrenal fibroadipose tissue there was often 
considerable reaction to it in the form of neutro- 
philic infiltration and early fibroblastic prolifer- 
ation, in contrast to the lack of reaction to the 
thrombi in the main adrenal veins. This suggests 
that the hemorrhage preceded the adrenal 
vein thrombosis. More likely, the adrenal hemor- 
rhage occurred and, following this, consequent 
to stasis of blood, damage to the endothelium 
of the adrenal veins and release of tissue fluids, 
bland thrombosis of the adrenal veins occurred. 
Furthermore, the clinical picture was not that of 
primary adrenal artery-vein thrombosis. 

In the microscopic sections the adrenal cortex 
showed no evidence of “tubular degenerative”’ 
changes of the zona fasciculata. There is no 
evidence therefore that the adrenal hemor- 
rhages were secondary to stress although, 
because of the severe hemorrhagic destruction 
of the adrenals, these findings could have been 
obscured. 

In a recent article concerning anticoagulant 
therapy in myocardial infarction, there were forty- 
eight bleeding episodes requiring discontinuance 
of the anticoagulants. In twenty-six, or 54 per 
cent, of these instances the prothrombin time 
was above the accepted therapeutic range of the 
authors (two to three times the control). In 37.5 
per cent of the cases the bleeding occurred when 
the prothrombin was adequate. However, in 8.5 
per cent of the cases the bleeding occurred when 
the prothrombin was below the control zone [37]. 
It would seem therefore that the prothrombin 
time need not necessarily be very prolonged for 
bleeding to occur. 

In analyzing this patient’s hospital course, it is 
likely that the initial hemorrhage into the 
adrenals occurred on October 20 when the 
abdominal pain developed and his blood pres- 
sure increased, while his white count rose to 
18,330 per cu. mm. This would correspond to 
the older hemorrhages noted on the microscopic 
sections. Then his condition stabilized temporar- 
ily, only to deteriorate rapidly when the hemor- 
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rhage was completed presumably on October 
22 and 23. 


SUMMARY 


A case of bilateral adrenal hemorrhage com- 
plicating dicoumarol therapy for myocardial 
infarction is presented. At no time was the 
prothrombin time, which was determined every 
morning, above the therapeutic range. It is not 
possible definitely to exclude adrenal vein 
thrombosis as the causative factor in the hemor- 
rhage but this is considered unlikely in view of 
the generalized hemorrhagic diathesis present. 
Other factors which may have played a role in 
the hemorrhage are discussed. The clinical 
picture, etiology and pathogenesis of adrenal 
hemorrhage is discussed. 
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Macroglobulinemia of Waldenstrém’ 


AVINOAM ZLOTNICK, M.D. 


Jerusalem, Israel 


ALDENSTROM in 1944 [/| described a dis- 
Worse entity which he later called macro- 
globulinemia [2]. Its characteristic features are: 
an increased erythrocyte sedimentation rate, 
hyperglobulinemia, and the presence in the 
serum of a macroglobulin of high molecular 
weight which can be demonstrated by ultra- 
centrifugation. There may also be weakness, 
anemia, mucosal hemorrhages and skin ec- 
chymoses, generalised swelling of lymph nodes, 
hepatosplenomegaly and, in most cases, infiltra- 
tion of the bone marrow by lymphoid and 
plasma cells. In some of the cases cryoglobulins 
were found and jellification of the blood was 
noted at room temperature. 

Since Waldenstré6m described the first pa- 
tient, about fifty cases have been described, 
mostly from Continental Europe | /—/6,40,47,43);: 
four cases have been described in the United 
States |/7,23,26|, two in England [8,27] and one 
in Canada |38|. This case is the first from Israel 
and is of interest because of the finding of “‘grape 
cells’ in the bone marrow in addition to the 
typical infiltration of the marrow with lymphoid 
cells. 

CASE REPORT 


A fifty-four year old woman was admitted to the 
Rothschild Hadassah University Hospital in October 
1956 because of increasing weakness, vertigo, head- 
aches and hypertension. In 1943 she had suffered 
from metrorrhagia which was attributed to an atypical 
hydatidiform mole. At the same time a right-sided 
pleural effusion developed. Although no confirmatory 
evidence of malignancy was found, she received 
radium therapy as though she had had a chorion- 
epithelioma. Since then she had been under constant 
supervision. Repeat chest roentgenograms and 
Aschheim-Zondek tests have been normal. 

The present illness began several months before her 
admission to our hospital, when she noted swelling 
of the lymph nodes in her groins; her physician at- 
tributed this to a superficial thrombophlebitis second- 
ary to varicose veins. At the same time she began to 
experience increasing weakness, dyspnoea on effort, 
vertigo and headaches. Her appetite decreased and 


she lost weight. She noticed blue discoloration of the 
skin without precipitating trauma. 

On admission, physical examination revealed a well 
nourished, pale woman. A large ecchymosis (7 cm. 
4 cm.) was seen on her right arm and a smaller one 
(3 cm. X 2 cm.) on her left thigh. Enlarged, ’non- 
tender lymph nodes were found in the axillae and 
groins. The pupils showed anisocoria and reacted 
sluggishly to light. The pulse was regular. The area 
of cardiac dullness as found by percussion was uni- 
formly increased. On auscultation, accentuation of the 
second aortic sound and a grade 3 systolic murmur 
were heard over the apex and Erb’s point. The blood 
pressure was 210/100 mm. Hg. Over the bases of both 
lungs there was dullness to percussion, and on 
auscultation numerous rales were found. The liver 
was enlarged 3 to 4 cm. below the costal margin. The 
spleen could not be felt on admission but became 
palpable one month later. Her legs were slightly 
swollen. The patellar reflexes were absent. Fundu- 
scopic examination revealed normal discs, constriction 
of arteries with arteriovenous compression, and smal! 
superficial hemorrhages. No exudates were seen. 

The erythrocyte sedimentation rate was 130 to 
140 mm. in the first hour (Westergren) and persisted 
at about this level during the patient’s two months’ 
stay in the hospital. The urinalysis was normal. 
The hemoglobin was 9.2 gm. per cent; red blood cells 
3,560,000 per cu. mm.; white blood cells, 9,000 per 
cu. mm. with a differential count of 79 per cent 
neutrophils, 16 per cent lymphocytes, 4 per cent 
monocytes and 1 per cent eosinophils. The thrombo- 
cyte count was 171,000 per cu. mm. The blood urea 
was 41 mg. per cent; glucose, 98 mg. per cent; and 
cholesterol, 251 mg. per cent. The cephalin-choles- 
terol flocculation test was 1 plus; the Weltmann 
coagulation band, 6; total serum proteins, 7.5 gm. per 
cent with 3.2 gm. per cent albumin and 4.3 gm. per 
cent globulin. The euglobulins were increased. No 
cryoglobulins were found. An electrophoretic analysis 
of the patient’s serum by the Tiselius moving bound- 
ary method (barbital buffer, pH 8.6, ionic strength 
0.1) gave the following results: (Fig. 1A) albumin, 
40.5 per cent; a; globulin, 6.1 per cent; a globulin, 
17.8 per cent; 8 globulin, 10.5 per cent; and y globu- 
lin, 25.1 per cent. A marked heterogeneity of the 
y complex was observed after a prolonged run. 
(Fig. 1B.) The Wassermann reaction was 4 plus in 


* From the Department of Medicine, Division A, Rothschild Hadassah University Hospital, Jerusalem, Israel. 
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Fic. 1. Moving boundary electrophoresis of patient’s serum (barbital buffer, pH 8.6; ionic strength, 0.1; tem- 
perature, 1°c.): (a) after running sixty minutes, (b) after running one hundred minutes. 


Fic. 2. Bone marrow aspiration, showing predominance 
of lymphoid cells. (M. G. G. stain.) Original magnifica- 
tion, X 500. 


the blood but negative in the cerebrospinal fluid. In 
the absence of a history of syphilis and because of 
the presence of hyperglobulinemia, a treponema im- 
mobilisation test was performed, which was negative. 

Coagulation studies gave the following results: 
Rumpel-Leede test, negative; coagulation time (Lee- 
_ White), 7 to 8 minutes; bleeding time, 6.5 minutes, 
7 minutes and 12 minutes on three different occasions; 
clot retraction, 45 minutes; plasma fibrinogen con- 
tent, 396 mg. per cent. The plasma prothrombin 
content was 40 per cent and did not improve after 
intravenous vitamin K injections. The serum pro- 
thrombin content was 3 per cent (Quick). Factors v 
and vu of Owren and Koller and a thromboplastin 
generation test [44] were normal. 

A bone marrow aspiration taken from the spine re- 


| 


Fic. 3. Grape cell. Original magnification, X 1,000. 


vealed a hypercellularity, with normal myeloid and 
increased erythroid series. A proliferation of lymphoid 
cells and a slight hyperplasia of plasma cells were 
noted. (Fig. 2.) Plasma cells were seen which con- 
tained cytoplasmic polyhedral and globular bodies. 
(Figs. 3 and 4.) These bodies took a positive stain with 
the periodic acid-Schiff reagent, indicating the pres- 
ence of a mucoprotein [45]. (Fig. 5.) Because of this, 
the concentration of the serum mucoproteins was 
determined and was found to be 106 mg. per cent, 
whereas the normal range for women is 40 to 70 mg. 
per cent [46]. 

X-ray of the chest revealed an enlarged heart and 
small effusions at both lung bases, congestion of the 
pulmonary circulation and increased hilar shadows. A 
radiographic bone survey disclosed hyperostosis 
frontalis interna of the skull and osteoporosis of the 
vertebral column. An intravenous pyelogram revealed 
a non-functioning right kidney. 

Ultracentrifugation of the patient’s serum, per- 
formed at the Weizmann Institute of Science, 
Rehovoth, demonstrated a macroglobulin with a 
sedimentation constant of 11.7 S, equivalent to a 
molecular weight of approximately 400,000. Im- 
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Fic. 4. Crystal-like inclusions in a plasmocytoid reticulum 
cell. Original magnification, X 1,000. 


munologic studies of the patient’s serum revealed a 
positive precipitation reaction with an anti-macro- 
globulin rabbit serum up to a dilution of 1:32. (Nor- 
mal serums show weak reactions up to a dilution of 
1:16). According to Dr. Hassig, who kindly performed 
this test, this result must be considered to be negative 
since other patients with macroglobulinemia gave a 
positive reaction at much higher dilutions. 

Since the dominant picture was one of congestive 
heart failure, the patient was given a salt-poor diet 
and digitalis. Although her heart failure improved, she 
still complained of weakness. The anemia did not 
respond to iron, liver extract and vitamin B,, therapy 
and the hypertension did not respond to hydergine, 
reserpine and ansolysen® therapy. The patient was 
discharged to her home after two months of hospital- 
isation, but was readmitted a fortnight later because 
of a bronchopneumonia and severe heart failure, 
which was successfully treated with achromycin® 
and digitalis. She still has a low grade fever which 
does not respond to any antibiotic. 


COMMENTS 


Waldenstrém’s macroglobulinemia usually 
occurs in men fifty to seventy years of age but 
women and young people have been found to be 
affected. The patients usually consult the phy- 
sician because of weakness, lassitude, dyspnoea 
on exertion, bleeding after a tooth extraction, 
or epistaxis. Occasionally, deterioration of 
vision due to retinal hemorrhages is the main 
symptom [8,70]. Many of the patients have been 
under observation for years because of a mark- 
edly increased sedimentation rate [7]. Anemia 
may be severe, slight or absent. The white 
blood count is usually normal but occasionally 
leukocytosis or leukopenia is found. The differ- 
ential count may be normal; often there is an 
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Fic. 5. Grape cell. Positive stain with periodic acid-Schiff. 
Original magnification, X 1,000. 


absolute or relative lymphocytosis [8]. Layani [9] 
described monocytosis with many Rieder cells. 
The lymph nodes are enlarged and in most cases 
hepatosplenomegaly is present [7]. Neurological 
signs in the form of radiculitis, myelitis and 
encephalitis have been reported [70-72]. Bone 
pains are not a feature of the disease. 

The urine is usually normal. In some cases 
proteins which precipitate at 40°—50°c. but donot 
redissolve at higher or lower temperatures have 
been reported [4,5]. Bence Jones proteinuria has 
also been observed | 70,72,27—29). 

The x-ray findings are usually normal. In 
some cases osteoporosis has been described 
(2,5,/7| but since most patients are above the 
age of fifty this is probably of no significance. 
Pathologic fractures have been reported [2,9]. 
Horner [74] found a lymphatic tumor in the 
mandible and osteoplastic and _ osteoclastic 
foci in the left humerus of a young man with 
macroglobulinemia. 

The bone marrow may be normal [2] but 
often there is an infiltration with lymphoid cells 
and more rarely with plasma cells. Schaub [5], 
by serial bone marrow aspirations, demonstrated 
the transformation of the marrow from a lymph- 
oid cell infiltration early in the disease to a 
predominance of plasma cells in the later stages. 
Tischendorf et al. [77] found an increased 
number of mast cells. In our case, apart from 
the lymphoid proliferation, we noticed an in- 
creased number of plasma cells. In the cytoplasm 
of some of these cells, globular inclusions or 
polyhedral bodies were found. These inclusions 
took the periodic acid-Schiff (PAS) stain, 
indicating the presence of a mucoprotein. Since 
in macroglobulinemia there is an increased 
blood content of glycoproteins [75-77, 47] the 
presence of an intracellular mucoprotein may be 
of interest as this may point to a mechanism of 
absorption or production of glycoproteins within 
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the cell. Cells with globular inclusions have been 
called ‘“‘grape cells” {20} and have been de- 
scribed in multiple myeloma | /7S8—20] and in hy- 
perglobulinemia of non-myelomatous origin [27]. 

Hemorrhagic phenomena occurred in two- 
thirds of the cases reported |7]. Their cause is not 
yet clear. In most of the cases with hemorrhagic 
phenomena, the number of thrombocytes was 
within normal limits and none of the different 
plasma clotting factors were deficient. This led 
some authors to attribute the hemorrhagic 
phenomena to an increased fragility and perme- 
ability of the capillary wall caused by the 
abnormal proteins [/,4,22|. In other cases a 
decreased prothrombin and fibrinogen content 
of plasma or a decreased prothrombin and 
accelerator globulin was noted [23,/3,/7|. Ab- 
normality of the fibrinogen has been described 
|77|. Thrombocytopenia has also been reported 
'26|. In one case it was demonstrated that the 
macroglobulin had an action similar to that of 
an antiproconvertin and an antiproaccelerin 
| 37\. In our case the bleeding time was prolonged 
and the prothrombin content of the plasma was 
decreased. 

The electrophoretic pattern of serums from 
patients with macroglobulinemia is similar to 
that found in multiple myeloma. There is a 
sharp, tall peak which usually has the mobility 
of y globulins, sometimes that of M globulin, 
and less frequently that of 6 globulin [/7]. 
The Tiselius electrophoretogram of the serum 
of our patient revealed an increase in the a» 
fraction in the form of a sharp peak and an in- 
crease in the y fraction in which several peaks 
were present, indicating the presence of several + 
globulins of different mobilities. The character- 
istic sharp, tall peak of multiple myeloma, which 
is often found in macroglobulinemia, was absent. 
In this respect our case resembles case No. 1 of 
Mackay et al. [26]. 

Ultracentrifugation usually reveals a globulin 
with a high sedimentation constant, 19 to 208 
'/-4|. Lower sedimentation constants of 13 S and 
12.7 S have, however, been described in macro- 
globulinemia [9,23]. In our patient the sedimen- 
tation constant was 11.7 S, which is far above 
the normal values of 4.5 S for albumin and 7.0S 
for y globulin. It is of interest to note that 
sedimentation constants of 9.5, 11 and 20 S have 
been described in cases of a and 6 myeloma 
| 32,34|. In y myeloma no macroglobulins were 
found {33}. 

Our patient, like that of Long et al. [38], gave 


a biologically false positive reaction for syphilis. 
Biologically false positive reactions are of two 
types, acute and chronic [30,37]. The acute 
biologically false positive reaction occurs during 
or shortly after a wide variety of non-syphilitic 
diseases such as atypical pneumonia, malaria, 
infectious hepatitis, measles, relapsing fever, 
typhus, etc. It disappears spontaneously within a 
few days, weeks or months. The chronic bio- 
logically false positive reaction is found in 
leprosy, lupus erythematosus, periarteritis no- 
dosa, rheumatoid arthritis and sarcoidosis, to 
cite only a few examples. It persists for years 
and sometimes through life. In many of these 
patients the sedimentation rate is accelerated 
and the globulins are increased. Macroglobulin- 
emia, which presents an extremely accelerated 
sedimentation rate and a hyperglobulinemia, 
may be added to the long list of causes of chronic 
biologically false positive reactions, the exact 
nature of which is not as yet clear. 

Ultracentrifugation is still the only means by 
which a diagnosis of macroglobulinemia can be 
confirmed. However, Habich and Hassig [{35,36| 
succeeded in sensitizing rabbits with serum from 
patients with Waldenstrém’s macroglobulin- 
emia, and the antiserum thus produced pre- 
cipitated serums from patients with Walden- 
strém’s macroglobulinemia but not serurns from 
other patients. The antigenic specificity of the 
macroglobulins was thus proved. Habich [37] 
found that fourteen of sixteen serums from pa- 
tients with Waldenstrém’s macroglobulinemia 
reacted positively with the specific antiserum. 
Since macroglobulins have also been found in 
congenital syphilis [37], hepatic cirrhosis and 
nephrosis {24,25|, Kanzow et al. |42] attempted 
to precipitate the macroglobulins of these 
serums with the specific antiserum but without 
success; however, serums from twenty patients 
with Waldenstrém’s macroglobulinemia were 
precipitated. 

In our patient, the antimacroglobulin precipi- 
tation test was negative, due possibly to the 
difference in the molecular weight of the macro- 
globulins in our case [11.7 S| and the molecular 
weight of the macroglobulins with which the 
antiserum was prepared (15 to 25S). Schulten et 
al. [7], who performed the antimacroglobulin 
precipitation test in four cases of macroglokulin- 
emia with low sedimentation constants; ob- 
tained only two positive results. , 

Diagnosis and Differential Diagnosis. Macro- 
globulinemia should be suspected in elderly 
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people who complain of weakness and who do 
not present other abnormal signs except an 
increased erythrocyte sedimentation rate ac- 
companied by hyperglobulinemia. Hemorrhagic 
diathesis, so often found in macroglobulinemia, 
hepatosplenomegaly and enlarged lymph nodes 
may be absent. A bone marrow smear showing 
a lymphoid infiltration of the marrow, and an 
abnormal electrophoretogram of the serum 
proteins should suggest the diagnosis. Confirma- 
tion can be achieved by the antimacroglobulin 
precipitation test, which is positive in the major- 
ity of cases. Final proof is established only by 
ultracentrifugation. 

The differential diagnosis of macroglobulin- 
emia should include chronic lymphatic leu- 
kemia, as both these diseases may present with 
enlarged lymph nodes, hepatosplenomegaly and 
infiltration of the bone marrow with lympho- 
cytes. They can, however, be distinguished 
electrophoretically by the presence of abnormal 
proteins in the serum of macroglobulinemia 
which are not found in chronic lymphatic 
leukemia |39|. Macroglobulinemia should also 
be differentiated from multiple myeloma, as 
both show a similar electrophoretic pattern of 
the serum proteins, and macroglobulinemia may 
occasionally present a predominance of plasma 
cells in the bone marrow. However, bone pains 
and the characteristic x-ray picture of multiple 
myeloma are absent in macroglobulinemia. 
Macroglobulins may occur in the serums of 
patients with multiple myeloma. 

The etiology and pathogenesis of macro- 
globulinemia are unknown. The lymphoid cell 
infiltration of the bone marrow in macro- 
globulinemia probably produces the macro- 
globulins in the same way that the plasma cells 
of multiple myeloma produce myeloma proteins. 
The finding of Bence Jones proteinuria in both 
diseases and the predominance of plasma cells in 
some cases of macroglobulinemia indicate a 
relationship. The occurrence in macroglobulin- 
emia of macroglobulins with low sedimentation 
constants, and in multiple myeloma of myeloma 
proteins with high sedimentation constants may 
point to the existence of transition forms between 
these two diseases. They both have a _ poor 
prognosis. 


SUMMARY 
A case of macroglobulinemia is reported in 


which plasma cells containing a glycoprotein 
were present in the bone marrow. 
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Organic Phosphate Insecticide Poisoning’ 
Residual Effects in Two Cases 


CHARLES S. Petry, M.D. 
New Orleans, Louisiana 


HE prevailing opinion is that human in- 

toxication with the organic phosphate 
insecticides is an all-or-none affair; that once the 
acute phase of the poisoning is over (if death does 
not result), the patient will recover completely. 
‘True, some weeks may pass prior to the recovery 
of normal blood cholinesterase levels in the 
poisoned individual, but the implication is that 
no residual symptoms will be noted {7}. 

In certain animals exposure to some of the 
anticholinesterase organic phosphates may result 
in peripheral nerve damage. The chicken ap- 
pears to be unusually prone to the development 
of such peripheral nerve damage and _ has 
been extensively used in experiments. Various 
organic phosphates (DFP, isopestox®, EPN and 
TOCP) have been found to produce paralysis in 
the chicken. The best single reference to this 
type of experimental work is the article by 
Durham et al. {2}. It has been established that 
actual demyelination is present in some of the 
damaged nerves |2-4], in paralysis produced in 
the chicken by these organic phosphates. 

Parallel experience in the human is nearly 
non-existent. Petry in 1951 [5] reported the case 
of a greenhouse worker who used parathion in 
closed hot-houses ten or twelve times during a 
period of four weeks. He did not wear a mask. 
After each application the symptoms of acute 
organic phosphate intoxication developed. Four 
months after the last application the patient 
noted the onset of giddiness and weakness of the 
legs. Later, paralysis of muscles of the upper 
and lower extremities ensued. Two years later 
the peroneal muscles were still paralyzed, he 
experienced difficulty in walking and com- 
plained of loss of memory, inability to con- 
centrate, and impotence. Bidstrup et al. [6,7] 
in 1953 and 1954 reported on a group of three 
chemical plant workers employed in a plant 
manufacturing isopestox (mipafox), in whom 
the symptoms of acute organic phosphate poison- 


ing developed. They were treated with atropine, 
which resulted in prompt amelioration of 
symptoms. However, two of three workers had 
weakness of the muscles of the legs. In one, this 
amounted to nearly complete paralysis of the 
leg muscles; she also had similar, although less 
severe, involvement of the muscles of the fore- 
arms. After ten months both persons still had 
residual effects. Two years after the initial 
symptoms the more severely affected individual 
was unable to walk as a result of paralysis of the 
leg muscles. 

Triorthocresy] phosphate (TOCP) has been 
the cause of paralysis in man in cases of ingestion 
of certain beverages containing Jamaica ginger. 
TOCP was found in batches of this ginger and 
was proved to be the agent responsible for the 
cases of paralysis [8,9]. Smith and Lillie | /0) 
in 1931 first showed that demyelination was 
involved in the affected nerves, but only at a 
much later date was it noted that TOCP was an 
active anticholinesterase agent [77]. Cases of 
paralysis due to TOCP still occur. The latest 
report is by Glasson and Stelling [72], 1956. 

In the course of studying cases of organic 
phosphate insecticide poisoning in man, two 
cases of apparent nerve damage following the 
acute intoxication have been noted. These are 
recorded in as much detail as can be gathered. 
I realize that certain loopholes exist in the 
recorded data. However, in view of the increas- 
ing use of the organic phosphate insecticides, 
similar cases may be encountered. The purpose 
of reporting these cases, incomplete as they may 
be, is to alert others to the possibility of periph- 
eral nerve damage as a result of exposure to the 
highly toxic organic phosphates. 


CASE REPORTS 


Case 1. A forty-four year old white man, was 
employed in an experimental agriculture station. In 
the 1940's he experienced a febrile illness which was 
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diagnosed as undulant fever. Following several months 
of a low grade fever, the patient was well until 1952. 
Except for this, and acute appendicitis, there was no 
pertinent past history. In the spring of 1952 an experi- 
mental insecticide project commenced in which this 
man took an active part. This project consisted of 
spraying trees and plants with various insecticides 
including parathion, EPN, DDT, dieldrin and lead 
arsenate. This man helped mix the solutions, super- 
vised the spraying operation, and inspected the plants 
following spraying to determine the effects of the 
insecticides upon the insect population. No particular 
precautions were taken to prevent exposure to the 
insecticides. In April, 1952, approximately one month 
after the experimental project was initiated, he began 
to experience headaches, nausea, generalized aches, 
pains and malaise. Because of marked pain in the 
abdomen and flank, cystoscopy was undertaken which 
revealed a normal urinary bladder and outflow tract. 
In June, 1952, approximately three months following 
the beginning of the spraying project, an exploratory 
laparotomy was performed because of marked per- 
sistent abdominal pain. No cause of the abdominal 
pain was found. However, the patient left the hospital 
markedly improved. He returned to work but during 
the fall and winter he had no contact with insecticides. 
He noted the onset of mild jaundice in the fall, which 
cleared by the following spring. 

The experimental insecticide program recom- 
menced about March, 1953. Again, symptoms of 
abdominal cramping, malaise, nausea and loss of 
appetite with weight loss were noted. In the late 
spring jaundice developed again, and because of this 
and the other symptoms a second exploratory lapa- 
rotomy was undertaken in June, 1953. A cholecyst- 
ectomy was carried out with exploration of the 
common bile duct. No cause for the jaundice was 
noted and the liver appeared normal. Following the 
operative procedure the jaundice cleared, but after 
returning to work in August, 1953, his abdominal 
cramps returned. During the late fall and winter he 
did not come in contact with the insecticides and he 
felt much better. 

In the spring of 1954 the project was once again 
resumed. Shortly thereafter he began to experience 
symptoms similar to those noted during the preceding 
two spring seasons. Also noted were nervousness and 
difficulty maintaining balance, with some staggering 
upon walking. Insomnia was a particularly prominent 
symptom. On a Sunday in May 1954, the patient’s 
family returned home from church to find him on the 
floor unconscious. He was treated by a physician first 
on an emergency basis at home, then in a hospital for 
organic phosphate poisoning. He responded well to 
atropine and regained consciousness after several 
hours. During his hospitalization he was extremely 
weak, had difficulty at first in moving his extremities, 
and complained of a lack of sensation in the hands and 
feet, and paresthesias of the extremities. Tinnitus 


appeared during his hospital stay and there was a 
marked disturbance of equilibrium. Blood cholines- 
terase levels were determined at the time of the acute 
attack. Plasma cholinesterase was 34 per cent, and red 
blood cell cholinesterase 37 per cent of normal. Ap- 
proximately two weeks later the plasma level was 100 
per cent and the red blood cell level 75 per cent of 
normal. One month after the first cholinesterase 
determination the plasma level was 206 per cent and 
the red blood cell level was 85 per cent of normal. At 
no time was there evidence of heavy metal poisoning, 
and stippling of the erythrocytes was never noted. 

Despite the expected return to normal of the blood 
cholinesterase level, the patient continued to experi- 
ence weakness, malaise, great fatiguability, insomnia, 
disturbance of equilibrium, tinnitus and other symp- 
toms. Although the symptoms have varied in severity, 
they have persisted up to the time of the most recent 
physical examination in September, 1956, with no 
noticeable true amelioration. At the time of this 
examination the patient was found to be thin, and 
there was a slight tremor of the outstretched hands. 
The deep tendon reflexes were hyperactive. No patho- 
logic reflexes were found. Some lack of coordination 
was noted; in particular, finger-to-nose movement was 
not quite accurately performed. There was no other 
abnormality on physical examination or on detailed 
neurologic examination. Hearing was not tested, but 
an audiogram taken eight months previously, in 
January, 1956, revealed nerve type deafness of a flat 
type averaging 36 per cent loss in the right ear and 
37 per cent loss in the left ear. Electroencephalogram 
was normal. 

During the more than two years that have elapsed 
since the acute organic phosphate intoxication of 
May, 1954, the patient has constantly had the symp- 
toms noted. He has been examined by numerous well 
qualified physicians whose findings have been in 
essential agreement. There has been no known expo- 
sure to organic phosphate insecticides since the acute 
exposure of 1954. Indeed, following a year’s leave of 
absence from his position, the patient felt too unwell 
to continue work in his former position and has been 
unable to work at any job for more than twenty-five 
hours a week. Blood cholinesterase levels performed in 
the fall of 1956 were normal on three occasions. 


Case u. In 1944, a forty-four year old white, 
practicing physician, began spending every Sunday 
working on his large lawn and garden during the entire 
day. A great deal of time was spent in applying in- 
secticides to the lawn and shrubbery. In the initial 
phase of his amateur gardening various insecticides 
were tried, DDT being the predominant active agent. 
About September, 1954, the patient first began using 
malathion. This proved to be extremely effective 
against the insect population and the patient soon 
abandoned every other insecticide. Malathion was 
sprayed on the lawn and garden with a “hose-on” 
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attachment to the regular garden hose. The 6 per 
cent malathion preparation was mixed in the “hose- 
on” jar and the patient used his bare hand to close the 
jar when inverting it. He dressed in shorts and sneakers 
and was often thoroughly soaked with the spray after 
application. The malathion spray was applied weekly 
and the patient's first symptoms appeared several 
months after beginning this spraying program. The 
symptomatology was vague at first and consisted of a 
sensation of tiredness and irritability which was 
noticed by his family as much as the patient himself. 
He often took Sunday dinners alone because of his 
extreme irritability. Weakness and some paresthesias 
of the face and oral cavity were also noticed. In the 
early spring of 1955 the patient began using 50 per 
cent malathion in a hand sprayer, spraying plants 
both in the yard and plants in the open sun area of 
the living room of the house. Symptomatology was 
marked by April, 1955. Weakness was generalized. 
Tremor had developed. Headaches and difficulty in 
focusing the eyes were prominent. The muscles of the 
lower leg and the right shoulder girdle were extremely 
weak. He had some loss of equilibrium and tinnitus. 
He collapsed with marked prostration in June, 1955, 
and was immediately hospitalized. During an eight- 
een-day hospital stay the patient gradually improved 
with the exception of muscle weakness in the right 
shoulder girdle and peroneal groups. Repeated ex- 
aminations revealed only some decrease in sensation 
of the right side of the face, unsteadiness of gait, slight 
winging of the right scapula and weakness of the 
peroneal muscles. The cerebrospinal fluid was normal 
in all respects. The hemogram was normal and blood 
chemistries including protein-bound iodine, choles- 
terol, alkaline and acid phosphatase, calcium, total 
serum protein, albumin and globulin were normal. 
Electrocardiogram and x-rays of skull and chest were 
also normal. 

Following discharge from the hospital the patient 
felt much improved, although generalized weakness 
and particular weakness in the right shoulder girdle, 
right serratus anterior and both peroneal muscle 
groups continued. There was some persistence of 
parasthesias of the right face and oral cavity and some 
disturbance in sensation in the same region. A sub- 
cutaneous fat biopsy was undertaken, and 23 p.p.m. of 
DDT plus a high level of total organic chloride was 
found. The patient restricted his work in the yard and 
garden and avoided contact with insecticides. I last 
contacted him in September, 1956, more than one 
year following his collapse with symptoms of acute 
organic phosphate intoxication. At that time he was 
finding active practice extremely difficult to carry out 
even on a part time basis because of fatigability, 
marked weakness of the muscle groups previously 
mentioned (especially the left peroneals and right 
serratus anterior), anorexia and marked weight loss. 
There is no evidence that this patient had any expo- 
sure to heavy metals. 
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COMMENTS 


The similarity of the two cases reported herein 
is apparent. Both patients had repeated expo- 
sures to insecticides of various types. The 
symptomatology of both was consistent with 
intoxication with the organic phosphate type 
of insecticide, and repeated exposure to an 
organic phosphate was documented in each case, 
EPN and parathion in the first case, malathion 
in the second. Blood cholinesterase level depres- 
sion was proof of organic phosphate poisoning 
in the first case; no such confirmatory evidence 
is available in the second case. 

Both patients have what appears to be 
permanent damage. The eighth cranial nerve 
was damaged in the first patient (both vestibular 
and cochlear components) and certain periph- 
eral nerves (long thoracic and peroneal nerves) 
in the second patient. Some sensory and other 
motor nerves were transiently affected in both 
patients. In the first patient there was a twenty- 
seven-month period between the acute intoxica- 
tion and the last physical examination which 
still revealed residua. In the second patient 
fifteen months elapsed from acute symptomatol- 
ogy to the last physical examination which 
revealed continuing nerve damage. At the ume 
of the last physical examination in each instance 
there was no evidence that recovery would 
ensue. 

The fact is not denied that there may be no 
cause and effect relationship between the re- 
peated organic phosphate intoxication, with at 
least one episode of severe poisoning requiring 
hospitalization, and the peripheral or cranial 
nerve damage. However, repeated examinations 
and interviews by well qualified medical per- 
sonnel have failed to reveal any possible etiologi- 
cal agent or mechanism other than the exposures 
to the insecticides. It is entirely possible that 
exposure to the particular combination of 
insecticides gave rise to the symptomatology and 
nerve damage. This possibility is a loophole in 
the cases presented here. In Case ui there is 
evidence of a considerable concentration of DDT 
and organic chlorides in the body fat, but in the 
light of the work carried out by Laug et al. [73] 
and elaborated upon by Hayes et al. [/4], there 
is no reason to suspect that the DDT concentra- 
tion would indicate chronic poisoning with that 
agent, and that the symptoms and nerve dam- 
age were due to DDT. Perhaps a synergism 
exists between some of the organic phosphates 
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and some of the other insecticides, which may 
account for the permanent damage noted in 
these two patients. There are no data to support 
this theory, although one organic phosphate may 
potentiate another member of the same group 
|75|. In view of animal and other limited human 
experience, and in the absence of proof to the 
contrary, it would seem logical to implicate the 
organic phosphorus compounds as the toxic 
agents in the two cases presented. 


SUMMARY 


Two human cases of permanent nerve damage 
(with attendant muscle, auditory and vestibular 
dysfunction) and weakness, easy fatigability 
and weight loss are reported. The patients were 
both exposed on multiple occasions to certain of 
the organic phosphate insecticides, and the 
symptoms of nerve damage began at the time of 
severe acute exposure to these toxic agents. 

These cases are compared to animal studies 
and other experiences in man when exposure to 
organic phosphates has resulted in permanent 
nerve damage. 
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Chronic Pulmonary Insufficiency 
Secondary to Silo-Filler’s Disease’ 


Gitpert M. P. Lets, W. N. Davis, TrRave Brown, M.D. and 
Mark McQuiccan, 


Eloise, Michigan 


RECENTLY published report by Lowry and 

Schuman |/| emphasized that chronic 
pulmonary disease due to inhalation of silage 
fumes might in the future be recognized. We 
believe the following case report represents such 
an example. 


CASE REPORT 


Patient D. C. (No. 222142). A twenty-eight year 
old white man was admitted to Wayne County Gen- 
eral Hospital on March 3, 1957 with a chief complaint 
of “smothering and headaches.”’ The patient dated 
the onset of his illness as four days prior to admission 
when chills and fever developed. He saw a physician 
and was given cold pills. On the following day, head- 
ache and dyspnea developed which persisted until the 
day before admission when he began to feel less ill. A 
cough productive of whitish material accompanied 
this episode. There was no history of chest pain, 
hemoptysis, night sweats, weight loss or exposure to 
birds or rabbits. He stated that two of his children 
were ill at home with severe “colds.” 

Past history revealed that the patient had pertussis 
and rubeola at six months of age. He recovered from 
these infections without known sequelae, and was in 
good health until age thirteen when he had pneumonia 
for three weeks. On recovery from this illness, he felt 
perfectly well. He left school after finishing the seventh 
grade to do farm work; in September 1954 he was 
told to enter a silo and “‘level it off.” 

This silo was approximately 30 feet high and 12 feet 
in diameter, and had been almost completely filled 
the previous day with straight corn silage without any 
added material. Upon opening the door to the silo 
chute, he immediately noticed intense heat, his eyes 
and nose burned, and he “felt choked.’’ He saw no red 
or yellow fumes. He climbed to the top of the silo in 
this enclosed ladderway in about two minutes, al- 
though he felt short of breath and was coughing. He 
was too weakened to begin work immediately, so he 
opened a door leading to a platform outside the silo 


and rested in the fresh air. He had never had any 
difficulty ensiling before, although he had heard of 
illness following entrance into silos recently filled with 
corn. 

Subsequently, he reentered the silo proper, per- 
formed his job in about five minutes, and then chose 
to return to the ground via an unenclosed ladder on 
the side of the silo. That afternoon he felt “‘smothered,”’ 
nauseated and feverish, and that night he took to bed 
for a week. He had an illness characterized by malaise, 
weakness, headache, chest pain, fever, anorexia, chilli- 
ness, dyspnea on very slight exertion, and cough 
moderately productive of white sputum. He was 
attended by a physician who stated he had “flu” and 
treated him with injections. Because of the persistence 
of this disease, a chest x-ray was obtained to rule out 
tuberculosis; the patient was informed that the x-ray 
was “‘negative.” 

The patient remained acutely ill for three weeks, 
but stated he felt too tired to do any work at all that 
winter. When he did resume farm work in March 
1955, he noticed that he was very short of breath on 
mild exertion. Subsequently, he came to Detroit to 
find assembly work which would be less strenuous. 
However, a febrile illness developed and he was 
admitted to a sanitarium as a tuberculosis suspect. He 
was evaluated there from December 21, 1955 to 
January 12, 1956 and was discharged with a diagnosis 
of bronchopneumonia. It was stated that he was not 
considered a tuberculosis case in their records. A 
chest x-ray taken at that hospital two weeks after 
discharge showed partial blunting of both costo- 
phrenic angles and slight strand-like fibrosis at the 
first and second interspaces on the left. 

In the spring of 1956, the patient returned to Ohio 
to attempt farming once more. Again he found that 
the exertion entailed made him so short of breath 
that he could not continue such work; that winter he 
resumed his old job in Detroit. 

The patient smoked ten to twenty cigarettes daily. 
There was no finding of hay fever, asthma or allergy 
in either his personal or family history. 


* From the Department of Medicine, Wayne County General Hospital, Eloise, Michigan. 
t Present address: Plattsburgh Air Force Base, Plattsburgh, New York. — 
} Present address: Inkster, Michigan. 
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Fic. 1. Posteroanterior projection showing accentuated 
bronchovascular markings in upper portions of both lung 
fields. 


Physical examination on admission revealed a well 
developed, well nourished white man in moderate 
respiratory distress with slight peripheral cyanosis. 
Weight was 122 pounds; height, 5 feet 4 inches; oral 
temperature, 102°F.; respiratory rate, 25 per minute; 
pulse rate, 100 per minute; blood pressure, 100,60 
mm. Hg. The skin was warm and moist with normal 
turgor; an acneiform eruption was present on the back 
and shoulders. The eyes, ears, nose and throat ap- 
peared normal; the teeth were carious. The chest 
was symmetrical with equal expansions bilaterally. 
Inspiratory and expiratory moist rales, and scattered 
expiratory wheezes were heard throughout both lung 
fields; vocal and tactile fremitus as well as percussion 
note were normal. There was no cardiomegaly noted. 
Regular sinus rhythm was present; A» was louder than 
P., and no murmurs were heard. The rest of the physi- 
cal examination was within normal limits; none of the 


examiners thought that clubbing of the fingers was 


present. 

A chest film taken on admission (Fig. 1) showed 
that the bronchovascular markings in the upper por- 
tions of both lung fields were accentuated, but there 
was no evidence of active parenchymal inflammatory 
disease. The heart was not enlarged, and its contour 
was normal. An electrocardiogram was within normal 
limits. The leukocyte count was 8,250 per cu. mm.; 
sedimentation rate 34 mm. per hour (Wintrobe); 
hemoglobin 16.3 gm. per 100 cc.; hematocrit, 45 per 
cent; and the erythrocyte count, 4,740,000 per cu. 
mm. On admission, the carbon dioxide combining 


power was 30 mEq. L.; three weeks later it was 
27 mEq. L. Sputum culture revealed predominately 
Hemophilus influenzae and Neisseria. Two blood 
cultures were sterile; and smears of concentrated 
sputum for acid-fast bacilli were negative, as were 
cultures at six weeks. Fasting blood sugar was 66 mg. 
per cent and blood urea nitrogen 16.1 mg. per cent. 


A 


i 
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Fic. 2. Vital capacity curve, March 4, 1957. Note the 
markedly impaired vital capacity with prolonged expira- 
tory effort. Time interval between the vertical lines of 
graph is twelve seconds. 

Total serum proteins were 4.8 gm. per cent with 
albumin 2.7 gm. per cent and globulin 2.1 gm. per 
cent. Cold agglutinins were positive 1:16 initially and 
1:32 in three weeks. Skin tests with old tuberculin 
1:1000, blastomycin, coccidioidin and histoplasmin 
were negative at forty-eight and seventy-two hours. 
Urinalysis was not abnormal. 

The clinical impression was that the patient had 
chronic pulmonary insufficiency secondary to inhala- 
tion of oxides of nitrogen with a superimposed acute 
bronchiolitis. He became afebrile on the day of admis- 
sion following treatment with penicillin, streptomycin, 
expectorants, bronchodilators and antihistamines. 
The next day positive pressure oxygen inhalations with 
nebulization of aerolone” were added to the above 
regimen. Pulmonary function studies were obtained 
on the second hospital day demonstrating a vital 
capacity (Fig. 2) of 1,450 cc., 36.2 per cent of the 
predicted normal value. The maximum breathing 
capacity was 21 L., 17 per cent of normal. In three 
seconds, the patient could exhale 69 per cent of his 
vital capacity. 

Although the patient improved rapidly, he con- 
tinued raising 30 to 40 cc. of yellowish mucoid sputum 
daily and rales persisted at both lung bases after a 
week of treatment. His antimicrobial therapy was 
changed to chloramphenicol and sulfisoxazole. On 
discharge twenty-two days after admission coarse 
moist rales were still present in the left lung base. A 
chest x-ray taken on the day before discharge revealed 
no change from the initial film. Vital capacity (Fig. 3) 
after fifteen days of treatment was 2,343 cc., 58 per 
cent of predicted normal, with 94 per cent being 
exhaled in three seconds. ‘The maximum breathing 
capacity was 37.7 L. or 30.4 per cent of predicted 
normal. 
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TABLE 1 
SUMMARY OF FINDINGS 


Studies 


Lung volumes: 
Vital capacity... . 
Residual volume... . 


Distribution of ventilation: 
Nitrogen rise over 500 cc. of expiration........ 


Diffusion (CO method): 
Steady state........ 
Single breath. . . 


Mechanics of breathing: 
Compliance of lungs... 
Maximum breathing capacity....... .. 
Timed vital capacity 


Arterial blood gases: 
Arterial O, saturation... ._.. 


eee 8 82 82 & 6 8 


Patient Normal 
2130 cc. BIPS 4030 cc. BTPS 
3305 cc. BTPS 1454 cc. BTPS 
3.8% Less than 1.5% 


13-20 ml./mm. Hg/min. 
17-40 ml./mm. Hg/min. 


16.9 ml./mm. Hg/min. 
29.0 ml./mm. Hg/min. 


0.062 L./em. HzO 0.200 L./em. 


47.2 L./min. 124 L./min. 
64.7% 83% 

90.5% 100% 
97.4% 96% 

30.1 mm. Hg 40 mm. Hg 


Through the courtesy of Dr. Benjamin M. Lewis, 
assistant professor of medicine at Wayne State Uni- 
versity College of Medicine, this patient was studied 
in the Pulmonary Function Laboratory two weeks 
following discharge from Wayne County General 
Hospital. ‘Table 1 is a summary of findings at that time. 

Dr. Lewis’ interpretation of this data was as follows. 

‘The most striking abnormalities shown are an 
increase of residual volume, a decrease in maximum 
breathing capacity, and a slowing of the timed vital 
capacity. These findings are characteristic of obstruc- 
tive emphysema, as is the poor distribution of inspired 
gas. The low value for pulmonary compliance may be 
attributed to decreased elasticity of the lungs; how- 
ever, low values for compliance are seen in patients 
with emphysema during rapid breathing (patient's 
respiratory rate was 25 per minute). The diffusing 
capacity of the lungs was within the normal range by 
both methods used. Arterial oxygen saturation was 
normal, and the low tension of carbon dioxide is due 
to hyperventilation during the obtaining of the arterial 
sample” [4]. 

COMMENTS 


The clinical syndrome produced by acute 
toxicity from exposure to the oxides of nitrogen 
(primarily nitrogen dioxide) has been thor- 
oughly described. Briefly, it consists of dyspnea, 
weakness and cough, associated with a choking 
sensation or inability to breathe deeply, noted 

during or immediately after exposure to silage 
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gas. Some victims have noted a yellow-to-brown 
or red colored gas which had collected above the 
silage. A latent interval of two to three weeks has 
been noted [7] in some cases, during which 
time the symptoms remain stationary or are but 
slightly progressive. 

Following this interval, chills, fever, increasing 
dyspnea and cyanosis occur leading to death 
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Fic. 3. Vital capacity curve, March 19, 1957. Note the 
improvement in vital capacity and shortening of time 
needed for expiration. 

within three and one half to six weeks |{/). 
Autopsy studies have shown pulmonary edema 
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and bronchopneumonia in those patients dying 
within a few days of exposure [2,3], and bron- 
chiolitis fibrosa obliterans in patients dying three 
to four weeks after exposure [7]. Chest x-ray 
may show patchy areas of pneumonitis or multi- 
ple granular to nodular densities of the lung 
fields which gradually resolve in those patients 
who recover (Cases 3 and 4 of Lowry and Schu- 
man [7], Case 2 of Delaney et al. [3}). 

We believe our patient to be the first reported 
case in which chronic pulmonary disease ensued 
as a result of exposure to silage gas. Pulmonary 
function studies were normal in recovered Case 2 
of Delaney et al. Although Cases 3 and 4 of 
Lowry and Schuman had slight residual nodular 
densities in the lung fields on x-ray after four to 
six months, the patients had no symptoms. Since 
treatment with adrenal cortical steroids effected 
dramatic relief of symptoms in the latter two 
patients, it is quite possible that sequelae due to 
pulmonary bronchiolar fibrosis were prevented. 

With respect to our case, several features are of 
interest. 

First, we would like to emphasize that farmers 
should be duly cautious when in or about a 
recently filled silo, even when no gas is apparent. 
In a recent report Grayson [2] has reviewed in 
detail the physical properties of the oxides of 
nitrogen and the conditions under which these 
gases are likely to accumulate, such as drought, 
high nitrate soils, etc. 

Secondly, in our patient we were surprised to 
find such a disparity between the minimal chest 
x-ray findings and the markedly impaired pul- 
monary function tests. However, this might be 
expected in a diffuse process primarily affecting 
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the bronchioles of the lung. In addition, the 
findings of markedly diminished maximum 
breathing capacity, disproportionately depressed 
in comparison to the vital capacity, and ex- 
tremely slow expiratory effort reflected by the 
timed vital capacity point to diffuse obstructive 
bronchiolar disease. 

Lastly, we believe that the improvement 
brought about by expectorants, bronchodilators 
given with intermittent positive pressure, and 
antimicrobials, is worthy of mention. However, 
in our Case it was apparent that a severe degree 
of residual impairment in pulmonary function 
had occurred and was not reversible. 


SUMMARY 


A case of severe chronic pulmonary insuffi- 
ciency is presented which we believe was caused 
by exposure to silage gas. This patient in addi- 
tion had a respiratory infection which precipi- 
tated acute respiratory distress. Pulmonary 
function studies revealed a diffuse bronchiolar 
obstructive process, which improved somewhat 
with symptomatic therapy but was largely 
irreversible. 
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Sjogren’s Syndrome 


Review of the Literature and Report of a Case with Achalasia 
of the Esophagus 


Capt. GERALD WEISSMANN, M.C. T 
Fort Dix, New Jersey 


LTHOUGH the concurrence of arthritis and 
keratoconjunctivitis sicca had been recog- 
nized by others previously [7,2], an analysis of 
thirteen cases manifesting both diseases (with 
associated lacrimal and salivary gland involve- 
ment) associated Sjégren’s name [3-74] with 
their nosologic unity. That the triad of arthritis, 
keratoconjunctivitis sicca and salivary gland 
abnormality constitutes a distinct syndrome has 
since been firmly established [75,/6]. Kerato- 
conjunctivitis sicca alone also has been called 
Sj6gren’s syndrome but it would seem, by recent 
consensus, that the triad indicated should be 
present to make the diagnosis a useful one. 

Several series of cases and numerous individ- 
ual case reports have been recorded [4,7,/7—24]. 
Yet, for the most part the nature of the “‘arthri- 
tis’’ has always been very much in question. 
Since many of these cases were reported in the 
ophthalmological literature, only cursory refer- 
ence to ‘“‘an arthritic picture’ was made 
(77,25,26|, and only recently has this been cor- 
rectly diagnosed as true rheumatoid arthri- 
tis [27-30]. 

Incidence. ‘To estimate a true incidence from 
published reports is impossible. Sjégren’s origi- 
nal series cited nineteen patients with kerato- 
conjunctivitis sicca and thirteen patients with 
arthritis [5,74,24]. This incidence of arthritis in 
patients with keratoconjunctivitis sicca has been 
repeatedly confirmed [5,77,27,37]. By 1948 
Sjégren had collected data on sixty-two patients 
with keratoconjunctivitis sicca, forty of whom 
had arthritis [6]. In 1950 Touraine, using the 
triad as his criterion, was able to collect data on 
101 cases [23]. The incidence of keratocon- 
junctivitis sicca in all patients with disorders of 
the eye has been estimated as 1 to 20,000 by 


Beetham [32]. Holm [76| found fifty-three pa- 
tients with keratoconjunctivitis sicca among 440 
with rheumatoid arthritis. Thompson and 
Eadie [27] found 14.3 per cent of 210 patients 
with rheumatoid arthritis also manifesting 
keratoconjunctivitis sicca. They reported that 
fourteen of eighteen patients with keratocon- 
junctivitis sicca had rheumatoid arthritis. The 
work of Reader et al. [28], Gifford et al. [77], 
Bruce [25,33] and others confirms this relation- 
ship. Close to 90 per cent of the patients reported 
on are women [5,/4,/6,34], many past the meno- 
pause. Male patients, however, also are re- 
ported [5]. 

Clinical Picture. The classical clinical picture 
is presented by a patient with rheumatoid 
arthritis who complains of blurring of vision, 
perhaps associated with lack of tearing, a dry 
mouth and salivary gland enlargement, either 
parotid or submaxillary [74,35]. Visual or 
salivary difficulties may antedate the arthritic 
complaints [36-38]. Parotid enlargement is 
usually recurrent and self-limited [20,39-47] but 
is not necessarily bilateral. The glands are 
sometimes red and swollen, at other times hard 
and indurated. The arthritis ranges from mild, 
early rheumatoid arthritis to severe, crippling 
forms with typical ulnar deviation, subcutaneous 
nodules and even spondylitis. The lacrimal 
glands rarely if ever enlarge [27]. There are 
symptoms of dysphagia [37], cough, and evi- 
dences of involvement of the secretory glands of 
the esophagus and trachea [2,39,40]. 

Physical examination shows dry mucous 
membranes, lack of tears, and occasionally a 
distinctive lesion of the fingernail associated 
with brownish discoloration [27]. Gastric achlor- 
hydria seems to be present in about sixty per 


* From the Medical Service of the United States Army Hospital, Fort Dix, New Jersey. 
Tt Present address: New York, New York. 
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cent of reported cases [24,27,31,33,35,36,38,42,43); 
an increased incidence of gastric achlorhydria in 
rheumatoid arthritis had already been demon- 
strated [44]. Pancreatic secretions are not 
affected [45]. Renal and pulmonary complica- 
tions are reported | 39,46}. 

Three cases of Sjégren’s syndrome with 
Raynaud’s disease |33,47,47| have been recorded. 
There are four cases of Felty’s syndrome [30,48], 
and two cases of scleroderma have been cited 
16,49}. While the L.E. cell preparation has 
been reported positive in only two instances 
'21,43|, a review of older cases would suggest a 
higher incidence of lupus erythematosus, of 
which parotitis is a known feature |/4,/6|. The 
relationship to Mickulicz’s disease has been 
reviewed by Morgan |2/), who believes that the 
two conditions may well be identical. He 
reviewed Sjégren’s original slides and found 
histological similarity to his own cases (eighteen) 
of Mickulicz’s disease. In addition, a review of 
the clinical similarities led him to postulate 
their identity. 

Diagnosis. ‘The diagnosis of keratoconjuncti- 
Vitis sicca is made by the finding of superficial 
lesions of the cornea on rose bengal staining and 
by demonstrating diminished lacrimal gland 
response by means of a Schirmer test [50]. 
When less than 15 mm. of a thin strip of filter 
paper placed under the eyelid near the gland is 
moistened in five minutes the test is considered 
positive |5/,52|. By carrying out this test in sixty- 
two patients with rheumatoid arthritis and in 
sixty-two patients free of this disorder, Reader et 
al. found a statistically significant difference in 
the incidence of tear production in their arthritic 
patients {[2£', describing many grades of tear 
gland atrophy. 

Salivary production is tested for by a variety 
of means [53]. Sialography by Ollerenshaw and 
Rose [54] showed non-filling of acini in twelve 
cases of Sj6gren’s syndrome; in one instance the 
sialogram was so badly distorted as to bear 
comparison with a _ Streptococcus viridans 
sialodochitis. This has been shown by others [55]. 

Pathology. Reports as to the pathology of the 
syndrome have come from autopsy and biopsy 
evidence. Sj6gren described the late stage of 
parotid pathology as consisting of ‘“‘dense 
lymphocytic infiltration of the gland parenchy- 
ma with atrophy and degeneration of secreting 
cells’ [74]. This, he believed, was similar to the 
process in the lacrimal gland which led to its 
eventual atrophy. Yet he considered the earliest 
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change to be a “granular degeneration of the 
cytoplasm of the secreting cells which shrink to 
where they resemble lymphocytes” |7]. Pointing 
out that SjOgren was actually describing only a 
disturbance of zymogen granule distribution, 
Holm found only occasional lymphocytic in- 
filtration in biopsied parotid glands and doubts 
a specific pathological lesion |/6|. However, 
later investigators have all confirmed the original 
description of lymphocytic infiltration in ad- 
vanced cases of the disease | /8,2/,30,56|. These 
lymphocyte aggregations have been compared to 
“Iymphorrhages” found in other organs of 
rheumatoid subjects {28}. Another distinct 
finding, an “‘epimyoepithelial island,” is de- 
scribed by Morgan who found it not only in his 
own cases of Mickulicz’s disease but also in the 
case of Ellman et al. and in one of Sjégren’s 
illustrations |2/|. Ehrlich and Greenberg 
report nests of cells in reticular arrangement 
between the lining epithelium and the basement 
membrane of the ducts. Most observers state 
that parotid involvement is uneven—-whole 
lobules are spared, while others show varying 
degrees of destruction [4/,56|. Many normal 
glands have been described in this disorder 
| /6,18|. Histologic lesions involving the secretory 
glands of the trachea, pharynx and esophagus 
are reported [39}. 

No consistent, hematological finding is char- 
acteristic of this disease that is not compatible 
with rheumatoid arthritis [5]. Electrophoretic 
examination has not been reported. There are no 
reports at present as to whether or not the 
various agglutination reactions for rheumatoid 
arthritis are demonstrable. ‘wo reports are 
available as to 17-ketosteroid excretion, one 
reporting low normal values [49]. Pond [34] 
examined eleven women with this syndrome 
and found the 17-ketosteroid excretion to aver- 
age 2.3 mg./twenty-four hours as compared with 
the normal range in his laboratory of 4 to 14 mg./ 
twenty-four hours. 

Klein [57], in his analysis of precorneal films 
of patients with keratoconjunctivitis sicca, con- 
cluded that these films lacked the normal 
watery contribution from the lacrimal glands, 
and thus were more viscous. He also quoted 
Ridley who found the protein content of tears to 
be diminished in keratoconjunctivitis sicca. 

Etiology. All possible causative agents of 
disease have been cited at one time or another in 
connection with the etiology of Sjégren’s 
syndrome. Avitaminosis [22,42,58,59] was first 


AMERICAN JOURNAL OF MEDICINE 


@ 


Sj6gren’s Syndrome— Weissmann 


implicated because of xerophthalmia and xero- 
stomatitis, but failure of vitamin A_ therapy 
militated against this etiology [43]. Other 
vitamin deficiencies have not been convincingly 
invoked [60]. The autonomic nervous system was 
next suspected and the eye lesions of facial 
palsies were mentioned | /6,33,55|. Leriche [67] 
reported relief of ophthalmologic and salivary 
symptoms in a patient upon whom he performed 
cervical sympathectomy. Familial occurrence is 
repeatedly cited. The findings of Cloverdale [26], 
as well as of Lisch {38| who collected data on 
twelve cases in three generations of one family, 
lend weight to this. Sjégren, in citing fourteen 
cases of congenital alacrimia (five patients with 
keratoconjunctivitis sicca), suggests that the 
picture may be one of *‘a partial symptom of the 
hereditary ectodermal dysplasia of the anhy- 
drous type” |3|; this phraseology is echoed by 
others [36]. A viral etiology is possible [62]. 
Similarity to sarcoidosis has led speculation 
along that line [60] and, of course, the “collagen 
diseases” have also been intimately associated 
with this syndrome | 49}. It may be granted that 
since all glands of the body contain various 
elements of connective Ussue in their stroma they 
cannot but fail to react, entirely non-specifically, 
in a systemic disease such as rheumatoid arthritis. 

Therapy. With no known etiology, it is not 
surprising that the current state of therapy 
is chaotic. While ACTH and cortisone uniformly 
relieve the associated arthritis, their effect upon 
lacrimal and salivary secretion is equivocal at 
best |3/,63,64|. Frenkel et al. |5/) gave ACTH to 
the point of hyperadrenalism and they were able 
to effect some quantitative increase of salivary 
and lacrimal secretions, but only temporarily. 
The effectiveness of any therapy is difficult to 
evaluate because of the variable and, on the 
whole, benign course of this syndrome. Sympa- 
thectomy [6/], vitamin therapy [60], estrogens 
|/8,65,66|, androgens [36], pituitary implants 
(60) and x-ray treatment have had their advo- 
cates [67]. The surgical blockage of lacrimal 
outflow offers relief in some cases but the essen- 
tial pathology remains unaltered. Of course, the 
arthritis has been treated much as any other 
type of rheumatoid arthritis. 


CASE REPORT 


A forty-four year old white male roofer (No. 
105988), of Hungarian extraction, was admitted to the 
United States Army Hospital, Fort Dix, with the 
chief complaint of acute pain and swelling of the 
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hand, shoulder and elbow joints of one week’s dura- 
tion, and bilateral swelling of the parotid glands of 
three days’ duration. 

The patient was first aware of arthritis four years 
prior to admission when pain and swelling of both 
elbow joints developed. Since that time he had had 
chronic and disabling arthritis, involving all of the 
following joints: knees, hands, proximal interphalan- 
geal joints, distal interphalangeal joints, hips, elbows, 
shoulders and costosternal articulations, as well as the 
temporomandibular joints bilaterally. Treatment for 
this consisted of various proprietary aminopyrine 
derivatives, as well as intramuscular gold therapy 
and, recently, cortisone, with only indifferent success. 
Steroid therapy was cut short because of the Hungar- 
ian uprising. Within a few weeks prior to admission 
his joint symptoms had increased markedly and his 
hands, shoulders, elbows and sternoclavicular joints 
had become acutely painful. 

Since early in 1950 the patient had begun to notice 
substernal epigastric distress immediately following 
meals. Food would get “‘stuck in his chest,” and he 
gradually had to stop eating heavy meals. This pro- 
gressed to the point where, in 1955, after taking 
several pills, complete obstruction occurred and a 
‘“‘muscle-splitting’’ operation was done in Budapest 
for a ‘tightening of the tube to the stomach.”’ He had 
also in the past year been aware of a lack of tears. 

The patient had never had parotid swelling before 
and he did not remember having mumps as a child. 
He was not aware of a diminution in the flow of 
saliva. However, he had had visual difficulties, with 
occasional blurring of vision and drying of the eyes for 
several months. He had never had hematemesis, 
jaundice or melena, and there was no history of 
pulmonary disease. 

The past and family history, as well as systemic 
review, were completely non-contributory. 

Physical examination revealed a thin, asthenic, 
white man in acute distress because of joint pain, and 
looking chronically ill. The head was grossly normal. 
The parotid glands were bilaterally, diffusely enlarged 
and palpable, giving a pouch-like appearance to the 
angle of the jaw; they were red and swollen. (Fig. 1.) 
The mouth showed fissures and cracking of both lips, 
slight superficial ulcerations of the inner lip margin 
and marked xerostomatitis. There was slight con- 
junctival injection, with a few superficial spots on 
rose-bengal staining of both corneas. Generalized 
lymphadenopathy, involving the axillary, epitrochlear 
and inguinal glands, was noted. The thyroid was 
firm and moderately enlarged. The chest was in- 
creased in A-P diameter. The lungs were clear to 
percussion and auscultation. Examination of the heart 
showed regular sinus rhythm, no murmurs, rubs, 
thrills or gallops. No hepatosplenomegaly was noted. 
Neurologic examination was normal. Interphalan- 
geal joints of both hands were hot and swollen (Fig: 2); 
both wrists were markedly swollen, with residual 
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Fic. 1. Bilateral parotitis in a case of Sjégren’s syndrome. 
The glands were so swollen that an admission diagnosis of 
mumps was considered. This swelling was self-limited. 


deformity and slight ulnar deviation, as well as acute 
heat and redness. The right ankle and both shoulders 
were hot and painful. The sternoclavicular junctions 
of ribs 3, 4 and 5 were red and swollen. 

‘The white blood cell count on admission was 9,800 
per cu. mm. with 8 juvenile forms, 86 per cent neutro- 
phils, 14 per cent lymphocytes and the hemoglobin 12 
gm. per cent with a hematocrit of 42 per cent. The 
urine was clear, reaction acid, specific gravity 1.025, 
and contained no protein or sugar. The erythrocyte 
sedimentation rate on admission was 46 mm./hour 
(Wintrobe). Serological tests for syphilis were nega- 
tive. Throat culture showed a scant growth of beta 
hemolytic streptococci. The serum amylase was 
146 units. The antistreptolysin titer was 100 to 150 
Todd units. Serum calcium was 9 mg. per cent, 
inorganic phosphorus 3 mg. per cent and alkaline 
phosphatase 5.4 Bodansky units. The serum total 
protein was 5.4 gm. per cent, albumin 3.7 and 
globulin 1.7. Another determination gave a total 
protein of 6.2 gm. per cent with paper electrophoresis 
showing: albumin 51.3, alpha-1-globulin 3.9, alpha- 
2-globulin 13.7, beta globulin 12.1, gamma globulin 
15.5, lipoprotein 3.5, indicative of an increased 
alpha-1 and alpha-2-globulin as well as a decreased 
albumin fraction by this method (First Army Area 
Medical Laboratory). The thymol turbidity test was 
2 units. There was no retention of bromsulphalein in 
forty-five minutes. The serum bilirubin was 0.1 mg. 
per cent, divided equally between direct and indirect 
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Fic. 2. The hands in Sjégren’s syndrome. The deformities 
are typical of rheumatoid arthritis. Positive agglutination 
reactions were demonstrated in this case. (See text.) 


reacting pigments. Coombs’ reaction was negative. No 
ova or parasites were found in the stool and guaiac 
tests were negative. Three L.E. preparations were 
negative. The blood urea nitrogen was 14 mg. per 
cent. The fasting blood sugar was 88 mg. per cent. The 
reticulocyte count was 0.8 per cent. Repeated tests for 
C-reactive protein were positive during his hospital- 
ization. Cold hemagglutinins and streptococcus MG 
agglutinins were not demonstrated. 

A routine x-ray of the chest was negative. X-ray 
films of the hands showed narrowing of the proximal 
interphalangeal joints and other joint deformities 
compatible with rheumatoid arthritis of the proximal 
interphalangeal and metacarpophalangeal articula- 
tions of both hands, with secondary osteoarthritic 
changes. There appeared to be some narrowing of the 
joint spaces of the left hip, and an incidental finding 
was radiopaque streaking of both buttocks, probably 
representing old gold injections. An upper gastro- 
intestinal series showed the esophagus to be constricted 
at the esophagocardiac junction, with secondary 
dilatation proximally. At the point of obstruction the 
esophageal mucosa was smooth and funnel-shaped 
without irregularities in pattern. (Fig. 3.) Amyl 
nitrate did not effect passage of barium from the 
esophagus into the stomach. Five hours after the 
examination 90 per cent of the barium still remained 
in the esophagus. An electrocardiogram on admission 
showed T waves to be diphasic in aVL, inverted in 
V1, diphasic in V2 and V3. These showed persistent 
instability but shortly before discharge reverted to 
normal. This was interpreted as compatible with 
myocarditis. 

The mumps antibody titer was considered normal, 
in 1:8 dilution, in convalescent serum. Latex fixation 
test and sheep cell agglutination tests (courtesy of 
Drs. C. Plotz and J. Singer) were positive for rheuma- 
toid arthritis, in a titer of 1:320. Sheep cell agglutina- 
tion reactions in the euglobulin titer were positive 
(1:28) for rheumatoid arthritis, with failure to inhibit 
in the euglobulin fraction (courtesy of Dr. M. Ziff). 
An ophthalmology consultant pointed out superficial 
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Fic. 3A. Frontal view of barium swallow in a case of 
Sjégren’s syndrome. This patient showed achalasia of 
the esophagus secondary to a stricture at the esophago- 
gastric junction. 


punctate staining spots on both corneas and slight 
conjunctival injection. A Schirmer test showed no 
tearing response (0.5 to 1 mm. wetting in five min- 
utes), “‘pathognomonic of keratoconjunctivitis sicca.”’ 
Lacrimal gland and parotid gland biopsies were 
performed. Lacrimal biopsy showed only scattering 
of lymphocytes along connective tissue septums, 
“compatible with normal gland.’ Parotid biopsy 
showed “an increase and scattering, as well as diffu- 
sion of zymogen granules, in slightly abnormal fashion 
throughout essentially normal parenchyma.” A 
salivary stimulation test (food stimulus) showed a 
salivary production of 4 cc. as compared with a con- 
trol of 30 cc. Onion-provocative tearing response gave 
no tearing in five minutes (control, 12 cc.). The 17- 
ketosteroid and corticosteroid excretion was reported 
as normal: 20.8 mg./24 hours excretion of 17-keto- 
steroids, 6.1 mg./24 hours corticosteroid excretion 
(Porter-Silber method); these results are within the 
normal range of First Army Area Medical Laboratory 
steroid excretion determinations. No free gastric 
acid was demonstrated after histamine. 

On admission the patient’s bilateral parotitis was so 
marked that a diagnosis of mumps was entertained. 
When severe arthritis was noted the diagnosis of 
Sjégren’s syndrome was made. The patient was given 
7.2 gm. of aspirin a day and within three to four days 
most of his arthritic complaints had gradually sub- 
sided. However, the characteristic changes of chronic 
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Fic. 3B. Lateral view of the esophagus. The mucosa at 
the point of stricture is normal in contour. 


rheumatoid arthritis of both hands persisted. The 
erythrocyte sedimentation rate remained elevated 
throughout his hospital course, although very little 
leukocytosis was evident; the C-reactive protein 
remained elevated. He was quite comfortable through- 
out most of his hospitalization but initially complained 
of dysphagia. This cleared spontaneously within one 
week. Cortisone eyedrops, 2 per cent instilled into the 
conjunctivae for six days caused no increase in tearing 
(0.5 to 1 mm. of wetting in five minutes). It was con- 
sidered that the patient’s arthritis was not severe 
enough to warrant steroid therapy. Bouginage was 
contemplated on an outpatient basis for his esophageal 
difficulties. He was subjectively well one month after 
diagnosis, suffering only from fleeting arthritic pains. 


COMMENTS 


The case history faithfully fits the criteria for 
what has been called Sjégren’s syndrome. The 
patient manifested (a) rheumatoid arthritis, 
(b) keratoconjunctivitis sicca with diminished 
lacrimal secretions and (c) parotitis with di- 
minished salivary flow. In addition, lack 
of free acid after histamine stimulation was 
demonstrated when a tube was placed roent- 
genographically in his stomach, this precaution 
was taken because of an esophageal achalasia 
secondary to a stricture at the gastroesophageal 
junction. It is impossible to relate satisfactorily 
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the gastroenterological problem to the patient’s 
primary disease or to rheumatoid arthritis per se. 
Such a relationship has been mentioned by 
Richman [68], and pathological lesions of 
esophagus and stomach were noted by Ellman 
et al. |39|. Similar lesions are not uncommon in 
scleroderma. However, there was not the slight- 
est evidence for scleroderma in this case, the 
patient’s skin being completely unaffected. In 
addition, the agglutination tests for rheumatoid 
arthritis are rarely positive in scleroderma [65,66}. 

This appears to be the first case of Sjégren’s 
syndrome in which rheumatoid agglutination 
activity was demonstrated by two separate and 
reliable tests [69,70], thus more firmly establish- 
ing the diagnosis of true rheumatoid arthritis 
in these patients. This finding, as well as 
the electrophoretic demonstration of increased 
alpha-1 globulin, alpha-2 globulin and lowered 
albumin levels, awaits confirmation in a large 
series. 

The pathological lesions described in other 
and perhaps more advanced cases were not 
present, although the biopsied parotid gland fits 
the description of Sjégren’s early cases. His 
‘fragmented, diffuse cytoplasmic degeneration” 
accords with the observation in this case of an 
increased and abnormal scattering of zymogen 
granules. 

More widespread appreciation of this syn- 
drome would serve to establish the true inci- 
dence of this variant of rheumatoid arthritis. 
Perhaps, indeed, an understanding of the ele- 
ments involved in Sjégren’s syndrome, i.e., 
lacrimal and salivary gland malfunction, lym- 
phocytic infiltration, achlorhydria and the other 
manifestations would, in turn, cast light on the 
connective tissue disorder that is rheumatoid 
disease. 


SUMMARY 


1. The literature concerning Sjégren’s syn- 
drome is reviewed as to incidence, clinical 
findings, pathology, diagnosis, etiology and 
therapy. 

2. A case of a forty-four year old white man 
with rheumatoid arthritis, keratoconjunctivitis 
sicca with lack of lacrimal secretions and bi- 
lateral, self-limited parotitis is presented. 

3. The patient had, in addition, achalasia of 
the esophagus secondary to stricture at the 
esophagogastric junction. 

4. Agglutination tests for rheumatoid arthritis 
(latex fixation, euglobulin agglutination and 
sheep cell agglutination) were positive. Biopsies 
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of the lacrimal and parotid glands failed to show 
lymphocytic infiltration. 
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Effects of Hypophysectomy and of Amphenone 


Administration in a Child with Functioning 


Metastatic Adrenal Carcinoma 


Epna H. M.p.,t ALBERT E. RENOLD, M.D., JoHN E. BETHUNE, M.D.,{ JosEpH J. Hoet, m.p.,§ 
WituraM J. Reppy, M.A. and GEORGE W. THORN, M.D. 


Boston, Massachusetts 


adrenal carcinomas, while rare, 
may present a formidable problem in man- 
agement unless complete surgical removal can 
be accomplished [/—4]. Such tumors respond 
poorly to radiation [5,6] or chemotherapy [6). 

Experimental work has shown that some en- 
docrine tumors may develop or are maintained 
by hypersecretion of the pituitary trophic hor- 
mones |7]. In man, carcinomas of the thyroid 
appear to grow most rapidly when thyrothrophin 
production remains high [8]. On the other hand, 
most adrenal carcinomas have not seemed to be 
responsive to corticotrophin [9,70], although 
in some patients a rise in hormone output has 
been evoked by ACTH [70-72]. The few at- 
tempts to control adrenal tumors by hypoph- 
ysectomy have been disappointing [73,74]. 

The possibility of control of the metabolic 
action of functioning tumors with pharmacologic 
agents has come under examination with the 
availability of amphenone, (3,3-di (p-amino- 
phenyl) butanone-2-dihydrochloride), which 
blocks the production of corticosteroids in 
animals and man |75—79|, and which leads to 
enlargement of the adrenal cortex and to lipid 
accumulation in the cells of the zonae fasciculata 
and reticularis in the presence of the intact 
pituitary [75,/8|. Suppression of synthesis of 
both C-19 and C-21 compounds by addition of 
amphenone to perfused calf adrenals has also 


been demonstrated |20|. Inhibition of corti- 
costeroid production by amphenone has been 
clearly established in patients with adrenal 
carcinomas [|6,/9|. Toxic manifestations have 
included drowsiness, gastrointestinal symptoms 
and methemoglobinemia | 78). 

The possible benefit to be realized from hy- 
pophysectomy, chemotherapy and amphenone 
treatment was investigated in a girl whose 
adrenal tumor had recurred after surgical 
removal had been attempted. 


MATERIAL AND METHODS 


The patient was maintained on a controlled regi- 
men in the metabolic ward of the Peter Bent Brigham 
Hospital. Determinations on urine, collected for 
successive twenty-four-hour periods, were carried out 
by the following methods: creatinine by a modification 
[27] of the Jaffé picric acid procedure [22]; glucose by 
the method of Froesch and Renold [23]; 17-hydroxy- 
corticoids by the method of Reddy [24]; aldosterone 
by a modification [25] of the physicochemical method 
of Neher and Wettstein [26]; 17-ketosteroids by the 
alcoholic alkali colorimetric procedure after simul- 
taneous acid hydrolysis and extraction of urine with 
toluene [27]; dehydroisoandrosterone-like compounds 
by Allen’s adaptation [28] of the procedure described 
by Dirscherl [29], using the equation derived by 
Allen [30] to correct for interfering color in urine 
extracts; total ketonic steroids by a 2,4-dinitrophenyl- 
hydrazine procedure [37] which measures only 3- and 
20-ketosteroids when the reaction mixture is cooled. 


* From the Children’s Cancer Research Foundation, Children’s Medical Center, the Departments of Medicine 
and Pediatrics, Harvard Medical School, and the Departments of Medicine, Peter Bent Brigham Hospital, Boston, 
Massachusetts. Supported in part by grants from The National Cancer Institute (C937), The John A. Hartford Founda- 
tion Incorporated, New York City, The National Institutes of Health, United States Public Health Service, Bethesda, 
Maryland, and The Nutrition Foundation, New York, New York. 
+ Present address: Department of Pediatrics, Albert Einstein College of Medicine of Yeshiva University, New York, 
New York. 
t American College of Physicians Fellowship, 1955 to 1956. 
§Damon Runyon Memorial Fund Fellowship and Honorary Fellow of the Belgian American Educational 
Foundation, 1955 to 1956. . 
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1A 


Fic. 1. Photographs of the patient. A, at seven years and seven months of age; 
B, at seven years and nine months of age. The increase in virilism (hirsutism of 
face, chest and legs; acne) and the accentuation of obesity and facial rounding in 
the two-month interval between photographs is evident. 


By this differential reaction 17-ketosteroids are 
estimated indirectly; the unidentified group of ketonic 
steroids revealed by the discrepancy between this 
estimate and the 17-ketosteroids measured directly is 
called “X.” All urinary steroids and glucose are 
expressed in terms of mg. per gm. of creatinine ex- 
creted. Since the patient’s creatinine output ranged 
between 1.0 and 1.3 gm. per day most of the values 
given represent somewhat less than the twenty-four- 
hour excretion. Concentrations of free 17-hydroxy- 
corticoids in plasma were determined by the technic 
of Nelson and Samuels [32]. 


OBSERVATIONS 


The patient was a girl under our observation 
from the age of seven years, seven months until 
her death at seven years, ten months. Details 
of the history and course are given in the ap- 
pendix. Surgical excision of an adrenal tumor, 
followed by radiation of the tumor bed, was 
undertaken at the age of seven years and three 
months, three months after the first manifesta- 
tions of virilism. Although the immediate 
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response was gratifying, symptoms recurred, a 
palpable mass developed in the left lower 
quadrant of the abdomen, and pulmonary 
metastases became evident at the age of seven 
years and six months. 

At the age of seven years, seven months (Fig. 
1A) the patient manifested virilization but had 
only slight manifestations of Cushing’s syndrome 
and moderate hypertension (130/100). During 
the period of observation there was marked 
aggravation of signs and symptoms of the endo- 
crine disorder, including progressive virilization 
and hypertension (to 200/120) and development 
of obvious Cushing’s syndrome with moonface, 
striae, voracious appetite, and glucosuria. (Fig. 
1B.) Values for the rate of excretion of steroids 
paralleled the clinical picture and included: 
total ketonic steroids rising from 200 to 400 mg. 
per gm. of creatinine (normal 3 to 15 mg. per 
twenty-four hours); 17-ketosteroids rising from 
70 to 203 mg. (normal 1 to 5); 17-hydroxy- 
corticoids from 20 to 90 mg. (normal 1 to 10), 
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HYPOPHYSECTOMY 


ACTH ACTH | 


100+ 
URINARY | 
17-HYOROXY- 80~ 
CORTICOIDS | 
mg. / gram 
creatinine 


+ 
NEUTRAL 
URINARY 160- 
17-KETOSTEROIOS 


cS 
DEHYOROISO — 
ANDROSTERONE 


mg. sgrom 
/ creatinine 


PITRESSIN 


TRILODOTHYRONINE 
Aug. / dey 
ren : 

SAFLUORO-F 
HYDROCORT ISONE - 100 
@ CORTISONE 
PREONISONE Lo 
mg./ doy 12- 
AMPHENONE 
gm./day 

THIOTEPA 
mg./dey 
OAYS 5 id i5 


20 25 30 35 40 45 sO 35 


Fic. 2. Rate of excretion of 17-hydroxycorticoids and 17-ketosteroids. Major items of the therapeutic program are indi- 
cated. The interval between the forty-eighth and sixtieth day for which no urine samples are available represents the 


period during which the patient visited her home. 


and aldosterone as high as 295 ug. (normal | to 
8 wg.). The excretion of steroids observed during 
the patient’s course is illustrated in Figures 2 and 
3, as are the major items of the therapeutic 
program. 

Three major efforts to influence the course of 
the disease were made. 

Effects of Hypophysectomy. (a) Evidence for 
pituitary dependence: Corticotrophin, 80 units 
twice daily, was given intramuscularly on the 
third, eleventh and twelfth days. On each occa- 
sion there was a small increase in 17-hydroxy- 
corticoid excretion (Fig. 2), although a rise in 
17-ketosteroids and total ketonic steroids oc- 
curred only on the first day of corticotrophin 
therapy. The concentration of 17-hydroxy- 
corticoids in the plasma increased from 21.4 to 
36.1 wg. per 100 ml. on the first trial. These 
results were interpreted as suggesting that the 
tumor tissue might have some dependence on 
corticotrophin. There is considerable evidence 
that pituitary factors other than corticotrophin 


and gonadotrophin (probably growth hormone ) 
may favor the growth of tumors, since benefit 
may be achieved by hypophysectomy in pa- 
tients previously adrenalectomized and gona- 
dectomized in efforts to control cancer of the 
breast |33|. Although the experience of others 
with hypophysectomy for adult patients with 
functioning adrenal carcinomas has been disap- 
pointing | /3,/4} it was believed that in this young 
patient, who presumably was producing larger 
quantities of growth hormone than an adult, the 
possibility of benefit might be greater than in an 
adult. 

(b) Observations Following Hypophysectomy: Hy- 
pophysectomy was performed on the twenty- 
fourth day by Dr. Donald Matson, using a 
transfrontal approach. The patient received 
300 mg. of hydrocortisone intravenously the day 
of operation and thereafter decreasing amounts 
of cortisone acetate and then prednisone admin- 
istered orally. The patient withstood the opera- 
tion well and made a satisfactory recovery. 
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Fic. 3. Rate of excretion of total ketonic steroids and the proportion contributed by 17-ketosteroids, 3- and 20-keto- 
steroids and “‘X.”’ The chart is otherwise identical with that shown in Figure 2. 


Diabetes insipidus, which became evident on the 
day of operation, was readily controlled. 

In the week following hypophysectomy there 
was a steady fall in the rate of excretion of 17- 
ketosteroids to 47 mg., less than half the maximal 
preoperative value. The excretion of total ketonic 
steroids and dehydroisoandrosterone also fell. 
(Figs. 2 and 3.) Changes in corticosteroid 
excretion were more difficult to evaluate because 
of the exogenous steroids administered. During 
this period there was marked improvement in 
the patient’s acne and the rate of growth of 
facial hair was obviously diminished. There ap- 
peared to be some improvement in the pul- 
monary lesions, as two small metastases became 
invisible in roentgenograms of the _ chest, 
although they reappeared three weeks later. 
Within a week, however, the rate of excretion of 
steroids rose again. Since the patient had been 
receiving large amounts of corticosteroids at the 
time improvement was observed, high doses of 
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prednisone were resumed for a few days. As the 
amount of 17-ketosteroid excreted continued to 
rise, it seemed clear that the dose of exogenous 
steroid was not a factor in endogenous produc- 
tion. There was no correlation between the rate 
of urine flow and rate of steroid excretion. 
That hypopituitarism followed hypophysec- 
tomy was indicated by the persistence of diabetes 
insipidus and the development of hypothy- 
roidism. Measurements of protein-bound iodine 
in the plasma or uptake of I'*' by the thyroid 
gland could not be relied upon as direct indices 
of thyroid function since an intravenous pyelo- 
gram had been performed immediately after 
admission. However, the serum cholesterol rose 


from 169 to 322 mg. per 100 ml. two weeks after 


operation, and the alkaline phosphatase activity 
of the plasma fell from 8.5 to 2.7 Bodansky units. 
At about the same time the patient complained 
of some distention and constipation, and per- 
spired much less freely. She was given 100 ug. 
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of tri-iodothyronine daily, with considerable 
relief. With the exception of a brief period when 
she received only 25 yg. daily, this dose was 
maintained until two weeks before her death. At 
that time the dose was reduced to 50 yg. in an 
effort to counterbalance the hypermetabolism 
induced by the tumor. 

Despite the clinical evidence of hypopituitar- 
ism, a small remnant of anterior pituitary cells 
was found beneath the dura of the sella turcica 
at postmortem examination. 

Effect of Tho-TEPA. Triethylene-thiophos- 
phoramide (thio- TEPA), which has temporarily 
suppressed the growth of some solid tumors {34}, 
was given in two courses, first orally (3.5 mg. 
daily for ten days) and then intravenously (10 
mg. daily for seven days) with no evidence of 
effect on the size or consistency of the abdominal 
tumor or any diminution in steroid excretion. 
During this treatment the pulmonary lesions 
increased in size. Although the number of 
white blood cells was unaltered, a drop in 
platelet count from 600,000 to 300,000 per cu. 
mm. suggested the possibility of impending bone 
marrow depression. Administration of the drug 
was discontinued since its toxic effect on the bone 
marrow may continue for some time after 
termination of therapy [34]. 

Effects of Amphenone Administration. Amphen- 
one was administered orally on two occasions, 
before hypophysectomy for four days in amounts 
ranging from 3 to 6 gm. daily, and from the 
seventy-first day to the eighty-seventh day, in 
doses progressively increased from 4 to 12 gm. 
per day. The drug was given at two- or three- 
hour intervals during the day and every four 
hours at night. During the first course the patient 
received 5 mg. of fluorohydrocortisone daily so 
that unpleasant symptoms resulting from any 
abrupt drop in hormone output would be 
minimized without serious interference with the 
evaluation of urinary steroid excretion [6]. At 
the time of the second course the manifestations 
of Cushing’s syndrome were so severe that no 
fluorohydrocortisone was given. Instead, the 
dose of amphenone was increased very gradually. 
The only untoward symptom was transient 
dizziness for a brief period after each dose when 
the daily amount was 10 or 12 gm. No methemo- 
globinemia was detected by spectroscopic exam- 
ination of the blood. The results of amphenone 
administration are shown in Figures 2 and 3. 

Effect on 17-Hydroxycorticoid Excretion. In each 
instance there was a distinct reduction in 17-O H- 


Adrenal Carcinoma—Sohel et al. 


corticoid excretion. In the first course the output 
fell from 28.6 to 18.2 mg.; at the same time the 
plasma level fell from 27.3 to 9.6 ug. per 100 ml. 
The second course was begun when the corti- 
costeroid excretion ranged between 45 and 64 
mg. and glucose excretion was as high as 400 mg. 
per gm. of creatinine. On the tenth day of 
treatment corticoid excretion reached a low of 
19.0 mg. and glucose was no longer measurable 
in the urine. Thereafter there was a gradual 
rise in corticoid excretion, although it remained 
lower than it had been before amphenone was 
given; there was no further glucosuria while 
the drug was administered. The plasma level of 
corticoids, which had been 54 ug. per 100 ml., 
was 33 meg. on the ninth day of treatment and 
36 meg. on the sixteenth day. When amphenone 
therapy was discontinued there was an im- 
mediate increase of blood corticoids to 82 mcg. 
and the amount excreted was 91 mg., the highest 
observed in the patient’s illness. On the suc- 
ceeding two days the excretion was 85 and 76.6 
mg. Glucosuria reappeared, 430 and 570 mg. 
being excreted on the two days after termination 
of amphenone. 

Effect on 17-Ketosteroids and Androgens. ‘The first 
trial of amphenone was believed not to have 
affected 17-ketosteroid excretion § since the 
change was only from 88.4 to 78.8 mg. When 
amphenone was given from the second time the 
fall in 17-ketosteroid excretion was more impres- 
sive (from 126 to 100 mg.); at the same time 
there was an improvement in the patient’s acne. 
Toward the end of this period there was some 
increase in 1/7-ketosteroids, but a much more 
pronounced rise when the drug was discontinued ; 
17-ketosteroid excretion then was as high as 193 
and 203 mg. 

Since the metabolites of amphenone which 
are excreted in the urine interfere to some degree 
with the determination of 17-ketosteroids—by 
increasing the color produced in the Zimmerman 
reaction—it is likely that the depression of 
17-ketosteroid excretion during amphenone 
therapy was more pronounced than appears 
from Figure 2. This assumption is supported 
by the marked rebound increase in 17-keto- 
steroid excretion following withdrawal of am- 
phenone and by changes which occurred in the 
urinary excretion of biologically measured 
androgen and of individual 17-ketosteroids as 
measured by paper chromatography. Individual 
17-ketosteroids, particularly dehydroisoandros- 
terone and the 11-oxygenated 17-ketosteroids, 
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showed a dramatic decrease after initiation of 
amphenone therapy. Individual 17-ketosteroids 
were estimated by visual comparison of the 
unknowns with standards simultaneously carried 
through the chromatographic procedure and 
development of the chromatograms with the 
Zimmerman reaction; amphenone metabolites 
were removed and did not interfere with the 
reaction. 

Dr. Paul L. Munson measured the biological 
activity of urine extracts by the chick-comb 
assay |35,36| and found that a control sample 
contained 355 * 1.33 International Units of 
androgen per twenty-four hours, a value greatly 
in excess of the normal range for adult men. 
During the first period of amphenone adminis- 
tration the androgen excretion of 201 % 1.14 
I.U. per twenty-four hours was significantly 
lower (P < 0.001) than that of the control 
period. In the second course of amphenone 
treatment the value was 252 * 1.13 per twenty- 
four hours, which probably represented a real 
decrease since virilism had advanced greatly 
when this course of amphenone was instituted. 

Effect on Total Ketonic Steroids. The excretion 
of these compounds was influenced in approxi- 
mately the same way as the 17-ketosteroids, 
there being a fall of about one-third with 
amphenone and a rebound rise to very high 
levels at the end of the second course. The 
proportion of compounds each group con- 
tributed to the whole was also affected. In each 
course of amphenone the percentage of “X” 
declined abruptly when the drug was initiated, 
while the percentage of 17-ketosteroids in- 
creased. This pattern reverted to the pretreat- 
ment pattern when amphenone was stopped. 
The proportion of 3- and 20-ketosteroids did not 
change appreciably. (Fig. 3.) 

Effect on Aldosterone. A few measurements of 
aldosterone excretion were made, late in the pa- 
tient’s hospitalization. ‘The output was markedly 
above normal (295 yug., normal 0 to 8) on the 
sixty-eighth day, but was only 36 ug. after three 
days on amphenone. 

Other Effects. As the second course of 
amphenone therapy continued it became evident 
that there was an improvement in the patient’s 
clinical condition. Her blood pressure was 
occasionally as low as 140/100 mm. Hg, acne 
improved, the face was less rounded and less 
flushed. (Fig. 4.) At no time were there symp- 
toms of hypoglycemia. The fasting blood sugar 
remained normal, and a 200 gm. carbohydrate 
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breakfast did not lead to an abnormal rise in 
blood sugar. Serum electrolytes remained 
normal and there was no dramatic change in 
electrolyte excretion. Diabetes insipidus was 
markedly ameliorated; no pitressin was re- 
quired from the eighth day of amphenone until 
three days after the drug was discontinued. 

Comments on the Use of Amphenone. Previous 
trials of amphenone in human subjects have 
indicated that its major effect on the adrenal is 
to decrease the release of carbohydrate-active 
corticosteroids |75,/6,78,79| and of aldosterone 
|37|. The present observations show that bio- 
logical androgens and 17-ketosteroids also are 
diminished. The changes noted do not reflect 
merely an influence on renal function, since the 
concentration of corticoids in blood was reduced 
and especially since there was a definite amelio- 
ration of Cushing’s syndrome as evidenced by 
the improvement in the patient's appearance 
and the reduction of blood pressure. The de- 
creased severity of diabetes insipidus was 
interpreted as reflecting the decreased produc- 
tion of those adrenal steroids (especially the 
corticoids) which usually aggravated diabetes 
insipidus by increasing the excretion of os- 
motically active substances [38]. 

Amphenone was withdrawn after sixteen days 
in order to evaluate whether the fall in steroid 
excretion represented blocking of output of 
hormone or a direct effect on the tumor. The 
moderate increase in steroid excretion during 
the last days of amphenone could have reflected 
escape from amphenone inhibition or continued 
growth of the tumor. The rebound elevation of 
steroids, to the highest levels observed in the pa- 
tient’s illness, suggested that the latter explana- 
tion is more likely, and that the drug had not 
served as a carcinolytic agent. Unfortunately, 
the patient died three days later. At postmortem 
examination there was extensive necrosis of the 
abdominal tumor and the metastases but this 
could not be differentiated clearly from that 
often observed in rapidly growing tumors. 

It would have been of a great interest to 
observe the effect in this patient of DDD (2,2-bis 
{39-47}) 
which is structurally quite similar to amphenone 
but which causes necrosis of the inner zone of the 
adrenal cortex of dogs, as well as a fall in corti- 
costeroid production [42]. 

It is of interest to note a certain structural 
similarity (Fig. 5) between these two groups of 
compounds which have been shown to alter the 
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Fic. 4. Photographs of patient. A, before therapy at seven years and seven months of age; 
B, after hypophysectomy and four days before initiation of the second course of amphe- 
none; C, on the last day of amphenone administration; D, three days later. Note the 
advance in evidence of virilism and Cushing’s syndrome between A and B. The improve- 
ment in physical appearance consequent to amphenone therapy is evident in C. The 
aggravation of the disease after withdrawal of amphenone is reflected in the increased full- 
ness of the patient’s face and the fresh acne lesions shown in D. 
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Fic. 5. The chemical structure of amphenone (A) and of DDD (B). 


secretions of the adrenal cortex: (a) amphenone 
and its derivatives and (b) DDD and related 
compounds. While the changes induced in the 
adrenal cortex by amphenone are reversible, 
DDD produces necrosis of the inner zones of the 
adrenal cortex. Thus far, DDD has been shown to 
exert a clear-cut effect only in dogs. However, 
recent work of Nichols and Henniger [43] indi- 
cates that the species diflerence in response to 
DDD may be related to differences in the metab- 
olism of the compound rather than to differences 
in susceptibility of the adrenal cortex itself. 


SUMMARY AND CONCLUSIONS 


Observations were made during a _ three- 
month period (ages seven years and seven 
months to seven years and ten months) in a girl 
who died of a recurrent and metastasizing 
adrenal carcinoma which induced progressive 
virilism and Cushing’s syndrome. Three ap- 
proaches directed toward controlling the disease 
were made. 

Total hypophysectomy was performed, since 
some dependence of the tumor on corticotrophin 
was demonstrated and because of the possible 
stimulation of tumors by growth hormone. 
During the first week there was a fall in steroid 
excretion to less than one-half the preoperative 
levels and the acne improved markedly. 
Thereafter the disease advanced steadily. At 
postmortem examination a small but viable 
remnant of anterior pituitary cells was found. It 
is not clear whether the advance in tumor growth 
subsequent to apparent improvement should be 
ascribed to increased function of this remnant 
or to adaptation of the tumor to the new condi- 
tions. However, it is believed that the immediate 
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postoperative changes were sufficiently striking 
to suggest that hypophysectomy should again 
be seriously considered in future cases. 

A course of oral and intravenous triethylene- 
thiophosphoramide (thio-TEPA), a_ general 
carcinolytic agent, failed to influence the growth 
or function of the tumor. 

Amphenone was administered orally for four 
days before hypophysectomy and for sixteen days 
beginning forty-seven days after the operation. 
This compound induced a distinct reduction in 
the excretion of all the steroids measured (corti- 
costeroids, 17-ketosteroids, biological androgens, 
total ketonic steroids and aldosterone), complete 
disappearance of glucosuria, and improvement 
in the patient’s physical appearance and hyper- 
tension. When amphenone was discontinued at 
the end of the second course the steroid excretion 
rose to the highest levels observed in the patient's 
illness, suggesting that the compound might 
have served to block hormone release rather 
than as a carcinolytic agent. 

The failure of the therapeutic measures tried 
in this patient re-emphasize the fact that the best 
chance for survival in such patients still depends 
on complete removal of malignant tissue fol- 
lowing prompt diagnosis. Physical changes 
induced by a functioning endocrine tumor 
should facilitate its early recognition. 


APPENDIX 


History, Findings and Hospital Course. S. L., a 
seven year and seven months old girl, was first 
admitted to the metabolic ward of the Peter 
Bent Brigham Hospital in September 1955. The 
past history was essentially uneventful with the 
exception of four brief episodes of headache 
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associated with vomiting at the age of four and 
one-half years. Hypertension was noted on one 
of these occasions but no other abnormality was 
found and these symptoms did not recur. Subse- 
quent blood pressure readings were within nor- 
mal limits. The child had always been tall and 
rather heavy, as were her parents and most of 
her relatives. Seven months before admission 
the growth rate accelerated, her voice deepened, 
acne developed and the appearance of pubic and 
facial hair was noted. The 17-ketosteroid excre- 
tion was 71.4 mg. per twenty-four hours, 
dehydroisoandrosterone 21.4 mg. and cort- 
costeroid excretion was slightly elevated. In 
May 1955, four months before admission, a left 
adrenal cortical carcinoma was removed and 
cobalt radiation was directed to the tumor bed. 
Marked improvement in the physical signs 
resulted, and the 17-ketosteroid excretion fell to 
3.6 mg. per twenty-four hours. However, late in 
August 1955, one month before admission, acne 
and hirsutism recurred, cough developed, 17- 
ketosteroid excretion was 41.9 mg. per twenty- 
four hours, and two metastatic lesions were found 
in the upper lobe of the right lung. Cobalt 
radiation was administered to the lung lesion 
and the patient was referred to the Children’s 
Cancer Research Foundation and admitted to 
the metabolic ward of the Peter Bent Brigham 
Hospital. The family history was non-contribu- 
tory except, perhaps, that the paternal grand- 
father had diabetes mellitus. One brother, age 
five and one-half years, was in good health. 

On admission the patient was 145.8 cm. tall 
and weighed 57.8 kg. Her height age was thus 
twelve years and her weight age more than six- 
teen years. Her musculature was unusually well 
developed. There was moderate generalized 
obesity with some rounding of the face. The skin 
was excessively moist, with considerable facial 
acne and seborrhea. The head was normal. 
There was marked myopia, with normal optic 
fundi. Dentition was normal for the child’s age. 
Growth of axillary hair was beginning. The 
heart and lungs were normal. The blood pres- 
sure was 130/100 mm. Hg. There was no evi- 
dence of breast development. There was a very 
firm, fixed, non-tender mass, 10 by 15 cm. in the 
left lower quadrant of the abdomen. The adre- 
nalectomy scar was well healed and not pig- 
mented. Examination of the genitalia showed 
pubic hair, an enlarged clitoris and separate 
vaginal and urethral orifices. A vaginal smear 
showed immature cells. 
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Initial laboratory findings were: serum non- 
protein nitrogen 31 mg. per 100 ml., fasting 
blood sugar (Folin-Wu) 107 mg. per 100 ml., 
total protein 6.5 gm. per 100 ml. (albumin 4.9, 
globulin 1.6), CO. combining power 25 mM. per 
L.., chloride 102, sodium 137 and potassium 
4.1 mEq. per L.; phosphorus 4.5, calcium 8.6 
mg. per 100 ml., alkaline phosphatase activity 
18 Bodansky units per 100 ml., cholesterol 
150 mg. per 100 ml. The hemoglobin was 12 
gm. per 100 ml., red blood cells 4.64 millions 
and white blood cells 10,400 per cu. mm., with a 
normal differential count. Glucose and insulin 
tolerance tests were within normal limits. Roent- 
gen examination of the chest showed two 
rounded nodules in the upper lobe of the right 
lung; there were neither osseous metastases nor 
osteoporosis. The skeletal age was twelve vears. 
An intravenous pyelogram demonstrated moder- 
ate downward displacement of the left kidney. 
Barium enema showed the colon to be displaced 
medially, without evidence of invasion of the 
colon by the tumor mass. 

The urinary 17-ketosteroid excretion initially 
was 72 and 80 mg., dehydroisoandrosterone 4.5 
and 7.6 mg., and 17-hydroxycorticoids 20.7 and 
21.4 mg. per gm. of creatinine. The normal 
values for this age are less than 5 mg. for 17- 
ketosteroids, no dehydroisoandrosterone, 1 to 
10 mg. for 17 hydroxycorticoids. The steroid 
excretions observed during the patient’s course 
are illustrated in Figures 2 and 3 and have been 
discussed previously, as have been the indication 
for and the results of hypophysectomy, thio- 
TEPA and amphenone administration. 

Despite the episodes of temporary improve- 
ment discussed previously, the endocrine dis- 
order advanced markedly and relentlessly, with 
progressive virilism, hypertension (to 200/100 
mm. Hg) and development of obvious Cushing’s 
syndrome (Fig. 1B), evidenced by moonface, 
cervical fat pad, striae, voracious appetite and 
glucosuria. From September to December 1955 
the patient’s weight increased from 57.8 to 
67.5 kg. with only 1.3 cm. gain in height. At no 
time was there clinical evidence of metastases to 
the liver or the skeletal system. 

Twenty-three days posthypophysectomy the 
patient was permitted to leave the hospital for a 
week’s stay at home. She was discharged taking 
300 mg. of dilantin® daily, as well as pitressin® 
when required, and tri-iodothyronine. In addi- 
tion, 3.5 mg. of triethylene-thiophosphoramide 
(thio-TEPA) was to be given orally daily. On 
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the fourth day at home the patient seemed 
febrile, and had a generalized tonic convulsion 
which was controlled with diffculty after one 
hour. She was admitted to a hospital in New 
York, where right upper lobe pneumonia was 
discovered and treated. After this acute episode 
the patient was readmitted to the metabolic 
ward of the Peter Pent Brigham Hospital. 
Roentgenologic examination indicated that the 
pulmonary lesions had grown and that new 
metastases had appeared in the left lung. An 
clectroencephalogram demonstrated generalized 
abnormal slow activity although there were no 
neurological abnormalities. Dilantin administra- 
tion was continued. Serum electrolytes continued 
to be normal. On the third day after the second 
and prolonged course of amphenone therapy the 
patient experienced a generalized convulsion. 
The airway was kept clear and considerable 
improvement had been effected with intra- 
muscular barbiturate when the patient sud- 
denly became cyanotic and died despite all 
efforts at resuscitation. 

Postmortem Examination. The body weight was 
67.5 kg., height 149 cm., an obese, moonfaced, 
hirsute young girl with prominent male 
escutcheon of pubic hair. Inspection revealed 
purple striae over the thighs, florid acne, well 
healed craniotomy and left adrenalectomy scars. 
There was no abnormal pigmentation. No breast 
development was apparent. The left perinephric 
fat, the hilus of the left kidney and the left iliac 
fossa contained many large, yellow, soft, partially 
necrotic tumor nodules. Tumor nodules were 
found in the tracheobronchial lymph nodes and 
in both lungs, mainly in the hilar regions; the 
largest nodules measured 3 to 4 cm. in diameter. 
Upon microscopic examination the tumor tissue 
was seen to consist of broad sheets of relatively 
undifferentiated, pleomorphic cells with eosino- 
philic, finely vacuolated cytoplasm; extensive 
areas of necrosis were seen in all sections. The 
right adrenal gland weighed 2 gm. and showed 
marked cortical atrophy on microscopic exami- 
nation. The zona reticularis accounted for ap- 
proximately one-half the width of the cortex, 
the zona glomerulosa and the zona fasciculata 
for approximately one-fourth each. Moderate 
vacuolation of all layers was observed but was 
most prominent in the fasciculata. 

The pituitary fossa appeared grossly empty, 
but microscopic examination of sagittal sections 
through the fossa region revealed viable rem- 
nants of the pars anterior beneath the dura. The 
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predominent cells were of the finely granular 
eosinophilic and of the amphophilic series. The 
thyroid weighed 10 gm. and showed a diffuse 
increase in interstitial tissue but appeared other- 
wise normal. The ovaries weighed 3.5 gm. each; 
their histological appearance was consistent 
with the chronological age. Many ova were 
seen, as were numerous follicles and occasional! 
corpora atretica. The uterus revealed a pre- 
pubescent endometrium on cross section. There 
was generalized visceromegaly with increased 
weight but normal appearance for all viscera 
(weight of heart 310 gm.; liver, 2,810 gm.; spleen 
185 gm.; right kidney 155 gm.; left kidney 
160 gm.). The brain appeared normal. There 
was partial atelectasis of the lungs with conges- 
tion and edema. No explanation for the terminal 
episode was found. 


Acknowledgment: We are indebted to Dr. Roy 
Hertz for providing the amphenone admin- 
istered to the patient. 
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Metamucil does 


In constipation, Metamucil produces SOFT, easy stools and stimulates gentle 
peristalsis. By adsorbing and retaining water within the stool Metamucil pre- 
vents hard feces from forming. And it adds to the intestinal residue a soft, 
plastic bulk which STIMULATES the normal reflex activity of peristalsis. 


Metamucil is a brand of psyllium hydrophilic mucilloid with dextrose. 
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make poor eaters want to 


“COME AND GET IT” 


CYANOCOBALAMIN (CRYSTALLINE VITAMIN By 2) 


REDISOL—vitamin B,.—used as a dietary supplement often 
stimulates appetite with consequent weight gain—youngsters 
look forward to their meals again. 

Cherry-flavored REDISOL Elixir (5 mcg. per 5 cc.) and solu- 
ble REDISOL Tablets (25, 50, 100, 250 meg.) mix readily with 
liquids. 


MERCK SHARP & DOHME 


DIVISION OF MERCK 4 CO., inc., PHILADELPHIA 1, PA, 


Redisol is « triae-mark of Merck & Co., Ine. 


for the peak of analgesic efficiency 


DILAUDID 


brand of DIHYDROMORPHINONE 


Dosage Forms of Dilaudid hydrochloride: 

Ampules: Icc., 2 mg. and 3 mg. each. 

Hypodermic Tablets: 2, 3 and 4 mg. each. 

Oral Tablets: 2.7 mg. each. 

Multiple Dose Vial: 10 cc., 2 mg. Dilaudid sulfate per cc. 


*Subject to Federal narcotic regulations 
Dilaudid®, E. Bilhuber, Inc. 


KNOLL PHARMACEUTICAL COMPANY 
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antidiarrheal 
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a physiologic 
absorption-enhancing 
agent 


In the search for the ideal 
antibiotic-enhancement agent, 
Pfizer had three requirements 

to fill: (1) the adjuvant had 

to produce significantly higher 
antibiotic blood levels, (2) it had 
to achieve these higher blood 
levels consistently from patient 
to patient, (3) the adjuvant itself 
had to be perfectly safe to use. 


Enhancement studies involving 
84 adjuvants (including 

sorbitol, citric acid, sodium 
hexametaphosphate, and other 
organic acids and chelating 
agents, as well as phosphate 
complex and other analogs), and 
30,000 blood level determinations 
revealed glucosamine as the 
enhancement agent of choice. 
Not only did glucosamine 
considerably increase antibiotic 
blood levels, but it produced these 
higher blood levels more 
consistently in crossover tests. 
And, importantly, glucosamine 
has no adverse effect in the 
human body. 


Glucosamine is a normal 
physiologic metabolite that 

is found widely in the human 
body. Glucosamine does not 
irritate the gastrointestinal 
tract; it is sodium free and 
releases only four calories 

of energy per gram. Further, 
there is evidence that glucosamine 
may influence favorably the 
bacterial flora of the intestine. 


new well-tolerated 


GLUCOSAMINE-POTENTIATED TETRACYCLINE 


4 
x 
4 


hree advantages of 
lucosamine-potentiated 
etracycline, for 
our consideration 


The most widely prescribed broad-spectrum antibiotic now 
potentiated with glucosamine, the enhancing agent of choice 


Capsules, 250 mg., 125 mg. 


Half strength (125 mg. capsule) for 
tong-term indications or pediatric use 


PFIZER LABORATORIES, Division, Chas. Pfizer & Co., Inc., Brooklyn 6, N. Y. 
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“... Well, I usually prescribe Rorer’s Maalor. It’s an excellent 
antacid, doesn’t constipate and patients like its taste better.’’ 


MAALOX® an efficient antacid suspension of magnesium-aluminum hydroxide gel. 

Suspension: Bottles of 12 fluidounces 

Tablets: 0.4 Gram, Bottles of 100 

Samples on request ° 
WILLIAM H. Rorer, INC., Philadelphia 44, Pennsylvania 
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N OLUDAR’ Roche 


methyprylon 


e At bedtime or for pre-dawn insomnia 

Non-barbiturate, relatively 
non-habit forming 

¢ No morning mental haze— 
a ringing telephone or alarm clock 
easily rouses the patient 
at any time during sleep. 

¢ Broad safety margin 

e The physician's personal hypnotic— 
Noludar is advantageous when it is 
necessary to answer the telephone 
or go on a call at night. 


DOSAGE: 


two 200 mg tablets gently but firmly 
put the confirmed insomniac to sleep. 


one 200 mg tablet lulls the geriatric 
or pediatric patient to sleep. 
one 50 mg t.i.d. provides | 
daytime sedation without drowsiness. 


ROCHE LABORATORIES 
Division of Hoffmann-La Roche Inc 
Nutley 10, New Jersey 


Roche — Reg. U.S. Pat. Off. 
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you 
can 
determine 
gastric 
acidity 
simply, 
effectively 
and 
without 
mtubation, 
use new 


Squibb Quality— 


the Priceless Ingredient 


Blue 


Squibb Azure A Carbacrylic Resin Diagnostic Test 


... the visual color test for gastric acidity 


How to Use 

1. The patient takes Diagnex Blue orally. 

2. Urine samples are returned to the physician. 

3. Simple color comparison denotes gastric acid status. 


Advantages 

e a simplified, visual method without intubation 

e highly dependable results 

e time-saving convenience—can be used right in the office 
e no fluorescent light or other special equipment needed 


Indications 

The Diagnex Blue test is a simple, highly useful step 
in the diagnosis of conditions associated with abnormal 
gastric acid secretion. According to Goldbloom and 

his associates, “‘the test for achlorhydria is extremely 
valuable in the diagnosis of pernicious anemia, 

cancer of the stomach, and gastric polyps.” 


Boxes of 5 and 50 Diagnex Blue test units with comparators. 


Goldbloom, A. A., Feinstein, M. A. and Eiber, H. B.: Am. J. Dig. Dis., 22:288, 1955. 
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HOMEOLYTES /2 steps to fluid balance 


Homeolytes supply materials... 
homeostasis does the work* 


OLY 


Multipurpose Essential Electrolyte 


TIONS 


*The Homeolyte System of fluid therapy allies the physician with the patient’s own regulatory mecha- 
nisms. Electrolytes are supplied in amounts safely between minimal needs and maximal tolerances— 
facilitating homeostatic adjustment of fluid balance. Homeolytes are widely useful. No additives are 
required. Homeolyte dosage may be calculated for infants and children as precisely and safely as for 
adults. For details of the complete Mead Johnson Fluid Therapy Program write to Parenteral Division, 


Mead Johnson & Company, Evansville 21, Indiana. 


SOLUTIONS Standard - Amigen® - Homeolytes Lerugen® 
EQUIPMENT solution sets + blood sets and bottles 
SERVICES therapy guides + teaching aids 


Mead Johnson 


Symbol of service in medicine 
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“early and marked regression” 
in acute superficial thrombophlebitis 


BUTAZOLIDIN 


(phenylbutazone Geicy) 
nonhormonal anti-inflammatory agent 


Relieves Pain Rapidly—BuTAZOLIDIN usually produces complete relief of pain within 
24 hours or less.'? 
Resolves Inflammation—Fever subsides and local heat, tenderness and swelling regress 
quickly.'34 “In the majority of cases there was complete resolution by the fourth day.’ 
Permits Early Ambulation—"As a rule within 24 hours, most patients were able to get 
up and walk about....”' This rapid response to BUTAZOLIDIN greatly reduces disability 
and economic loss for patients. 
Short Course of Treatment—Most patients require only from 2 to 7 days’ therapy.'° 
BUTAZOLIDIN® (phenylbutazone GeiGcy). Red coated tablets of 100 mg. BuTazotioin Alka Cap- 
sules, each containing BUTAZOLIDIN 100 mg.; aluminum hydroxide 100 mg.; magnesium trisilicate 
° 150 mg.; homatropine methylbromide 1.25 mg. 
BUTAZOLIDIN being a potent therapeutic agent, physicians unfamiliar with it are urged to send 
for literature before instituting therapy. 


References:(1) Stein, |. D.: Circulation 12:833, 1955. (2) Potvin, L.: Bull. Assoc. méd. lang. frong. Canada 85:941, 
1956. (3) Sigg, K.: Angiology 8:44, 1957. (4) Elder, H. H. A., and Armstrong, J. B.: Practitioner 178: 479, 1957. 
(5) Braden, F. R.; Collins, C. G., and Sewell, J. W.: J. Lovisiano M. Soc. 109:372, 1957. 
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THE CREST 
OF LEADERSHIP 


Mepicau journats are the first working tool of 
the researcher and trail-blazer in effecting new 
technics and therapy. The accomplishments of 
the earlier workers are perpetuated in the 
printed records of the past and present and 
serve as a basis for future developments. 


YORKE PUBLICATIONS by its planned seminars and 
symposia enrich the knowledge and enlarge the 
field of effectiveness of the American physician 
in guarding the health of our country’s popula- 
tion. Exhaustive studies on vital and pertinent 
subjects are prepared by eminent leaders and 
are recorded as soon as possible in the pages of 
the respective YORKE JOURNALS. 


Recognizing the prestige and loyal readership 
enjoyed by the Yorke puBLicaTions, leaders in 
the pharmaceutical industry use these journals 
for carrying their advertising messages to the 
moulders of opinion and action. 


YORKE PUBLISHING CO. 
NEW YORK, N.Y. 


THE AMERICAN JOURNAL OF SURGERY 
THE AMERICAN JOURNAL OF MEDICINE 
THE AMERICAN JOURNAL OF CLINICAL NUTRITION 
THE AMERICAN JOURNAL OF CARDIOLOGY 
MODERN DRUGS 
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rauional adjunet 
Lo steroid therapy 


When steroids are indicated, the adjuvant Each Capsule Contains: 
Thiamine Mononitrate (B, ) 10 mg. 
use of a stress formula containing essential _ Riboflavin (B,) 10 mg. 
Niacinamide 100 mg. 
vitamins helps meet increased metabolic Ascorbic Acid (C) 300 mg. 
Pyridoxine HCI (B,) 2 mg. 
demands. STRESSCAPS provide the principal Vitamin B,, 4 mcgm. 
Folic Acid 1.5 mg. 
water-soluble vitamins in a professionally Calcium Pantothenate 20 mg. 
Vitamin K ( Menadione) 2 mg. 
accepted formulation. Average Dose: 1-2 capsules daily. 
STRESSC APS in STRESS 


* Infection « Physiologic Trauma « Endocrine Dysfunction « Emotional Stress « Pere 


STR ESSCAPS 


Stress Formula Vitamins Lederle 


LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY. PEARL RIVER, NEW YORK 
*Reg. U.S. Pat. Off. 


Significant Robins research discovery: 


A NEW SKELETAL 
MUSCLE RELAXANT 


ROBAXIN — synthesized in the Robins Research Laboratories, and 
intensively studied for five years— introduces to the physician an 
entirely new agent for effective and well-tolerated skeletal muscle 
relaxation. ROBAXIN is an entirely new chemical formulation, with 
outstanding clinical properties: 


® Highly potent and long acting.** 
* Relatively free of adverse side effects.'?***” 


e Does not reduce normal muscle strength or reflex activity 
in ordinary dosage.’ . 


® Beneficial in 94.4% of cases with acute back pain 
due to muscle spasm.'***” 


4 CLINICAL RESULTS 


DISEASE ENTITY 


Acute back pain due to 


(a) Muscle spasm secondary 
to sprain 


(b) Muscle spasm due to 
trauma 


(c) Muscle spasm due to 
nerve irritation 


(d) Muscle spasm secondary 
to discegenic disease 
and postoperative 


orthopedic procedures 


Miscellaneous (bursitis, 
torticollis, etc.) 
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(Methocarbamol Robins, U.S. Pat. No. 2770649) 


Highly specific action Beneficial in 94.4% of cases tested 


RoBAXIN is highly specific in its action on the When tested in 72 patients with acute back 
internuncial neurons of the spinal cord — with pain involving muscle spasm, ROBAXIN in- 
inherently sustained repression of multisyn- © duced marked relief in 59, moderate relief in 
aptic reflexes, but with no demonstrable effect 6, and slight relief in 3 — or an over-all bene- 
on monosynaptic reflexes. It thus is useful in ficial effect in 94.4%,":***7 No side effects 
the control of skeletal muscle spasm, tremor and occurred in 64 of the patients, and only slight 

° other manifestations of hyperactivity, as well side effects in 8. In studies of 129 patients, 
as the pain incident to spasm, without impair- moderate or negligible side effects occurred 
ing strength or normal neuromuscular function. in only 6.2%,}:?+3-4-6.7 


Indications — Acute back pain associ- 
ated with: (a) muscle spasm secondary to 
sprain; (b) muscle spasm due to trauma; + 


WITH ROBAXIN IN ACUTE BACK PAIN! 2.467 
(c) muscle spasm due to nerve irritation; 
NO. OF | DURATION RESPONSE (d) muscle spasm secondary to discogenic 
CASES . slight neg.) EFFECTS disease and postoperative orthopedic 
such as bursitis, fibrositis, torticollis, etc. 
18 2-42 days 3-6 Gm. 17 — 1 7 © § O | None, 16 | 
—» pene Dosage — Adults: Two tablets 4 times 
Slight nausea, 1 | Gaily to 3 tablets every 4 hours. Total daily 
13 1-42 days 2-6 Gm. 8 §1 | 3 | 1 | None, 12 dosage: 4 to 9 Gm. in divided doses. 
| Precautions — There specific 
- are no con- 
5 4-240 days 2.25-6 Gm. 4 1 tt] O | None, 5 traindicati to Robaxin and , 
reactions are not to be anticipated. Minor 
30 2-28 doys 1.5-9 Gm. 24 §3 | 0 [3 | None, 25 
Dizziness, 1 side effects such as lightheadedness, dizzi- 
Lightheaded- ness, nausea may occur rarely in patients 
. ness, 2 with unusual sensitivity to drugs, but dis- 
ns appear on reduction of dosage. When ther- 
6 [3-60 days 4-8 Gm. 6 [0 [0 [0 [| None,6 apy is prolonged routine white blood cell 
a * Relieved on counts should be made since some decrease 
72 | so 16 132 [4 ay was noted in 3 patients out of a group of 
72 who had received the drug for periods 
of 30 days or longer. 
Supply — Robaxin Tablets, 0.6 Gm., in 
bottles of 50. 


A. H. ROBINS CO., INC., Richmond 20, Va. 


Ethicol Pharmaceuticals of Merit since 1878 


Aes 

. 46:374, 1957, 6. Nachman, H. Personal’ communication 
7. O'Doherty, D.: Publication 8. 
5 Little, J. M.: J. Pharm. & Exper, Ther, 1967." 


ESTABLISHED 


COMBATS MOST CLINICALLY IMPORTANT PATHOGENS 


In a recent report of five years’ experience involving 2,142 patients, 
the authors conclude that CHLOROMYCETIN (chloramphenicol, 
Parke-Davis) is a valuable and effective antibiotic in the treatment 
of various acute infectious diseases.’ | 


Other current reports of in vivo and in vitro studies agree that 
CHLOROMYCETIN has maintained its effectiveness very well 
against both gram-negative?* and gram-positive**!° organisms. 


CHLOROMYCETIN is a potent therapeutic agent and, because certain blood 
dyscrasias have been associated with its administration, it should not be used 
indiscriminately or for minor infections. Furthermore, as with certain other drugs, 
adequate blood studies should be made when the patient requires prolonged 


or intermittent therapy. 


REFERENCES (1) wootington, s. s.; Adler, S. J., & Bower, A. G., in Welch, H., & Marti- 
Ibanez, FE: Antibiotics Annual 1956-1957, New York, Medical Encyclopedia, Inc.,+1957, p. 365. 
(2) Ditmore, D. C., & Lind, H. E.: Am. J. Gastroenterol. 28:378, 1957. (3) Hasenclever, H. F: 
J. Iowa M. Soc. 47:136, 1957. (4) Waisbren, B. A., & Strelitzer, C. L.: Arch. Int. Med. 99:744, 1957. 
(5) Holloway, W. J., & Scott, E. G.: Delaware M. J. 29:159, 1957. (6) Rhoads, P S.: Postgrad. Med. 
21:563, 1957. (7) Petersdorf, R. G.; Bennett, I. L., Jr., & Rose, M. C.: Bull. Johns Hopkins Hosp. 
100:1, 1957. (8) Royer, A.: Changes in Resistance to Various Antibiotics of Staphylococci and Other 
Microbes, paper presented at Fifth Ann. Symp. on Antibiotics, Washington, D. C., Oct. 2-4, 1957. 
(9) Doniger, D. E., & Parenteau, Sr. C. M.: J. Maine M. A. 48:120, 1957. (10) Josephson, J. E., & 
Butler, R. W.: Canad. M. A. J. 77:567 (Sept. 15) 1957. 
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EFFICACY 


IN VITRO SENSITIVITY OF MIXED PATHOGENS TO CHLOROMYCETIN 
AND 4 OTHER WIDELY USED ANTIBIOTICS* 


| 


ANTIBIOTIC B 62% 


ANTIBIOTIC C 56% 


ANTIBIOTIC D 53% 


*Adapted from Ditmore and Lind.* Organisms tested were isolated from stools of 48 patients. 
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“PROOF IN PRACTICE” 


a study of 12,880 
hypertensive patients 


No. of Patients Results Percent The tabulations at the left are from the 
recently completed study on cryptena- 
mine ( Unitensen) in which 12,880 patients 
6.393 good 49.6% and 1,384 physicians participated. Evalu- 
ation of the drug was based on experience 
in everyday private practice. 


3,929 excellent 30.5% 


1,535 fair 


unsatisfactory A summary of the “‘proof in practice’ 


study is available upon request from the 
Medical Director of Irwin, Neisler & Co. 


UNITENSEN UNITENSEN-R’ 


Each Unitensen tablet contains Each Unitensen-R tablet contains 
cryptenamine (tannates) 2.0 mg. cryptenamine (tannates) 1.0mg., Reserpine 0.1mg. 


427 side effects 


Clinical supplies available upon request. 


Meirher Irwin, & Co. Decatur, Illinois 


SU 


Relieves 
Muscle 
Spasm °e, 


> 


IN LC 


In Parkinsonism 


Highly selective action. ..energiz- 
ing against weakness, fatigue, 
adynamia and akinesia...potent 
against sialorrhea, diaphoresis, 
oculogyria and blepharospasm... 
lessens rigidity and tremor... 
alleviates depression...safe... 


even in glaucoma. 


K ACHE 


and other 
musculoskeletal 
disorders 


Relieves Spasm, Pain, and Depression too 


In muscle spasm due to sprains, strains, herniated 
intervertebral disc, fibrositis, noninflammatory arthritic 
states and many other musculoskeletal disorders, the 
first demand is for relief. Disipal fills this need. It is 
quickly effective in skeletal muscle spasm almost re- 
gardless of origin. Its mood-alleviating effect braces 
the patient against the depression so often accompany- 
ing severe pain of any type. 

Dosage: 1 tablet (50 mg.) t.i-d. 


"Trademark of Brocades-Stheeman & Pharmacia, 
U.S. Patent No. 2,567,351. Other patents pending. 
LOS ANGELES 
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for an active pregnancy 


You make life easier for your pregnant and lactating patients 
when you prescribe new FILIBON—a welcome advance in 
prenatal supplementation. Important new features ensure 
increased comfort, convenience and efficiency . . . at no 
increase in cost. 


MORE AGREEABLE .. . because of new, better tolerated 
ferrous fumarate . . . convenient one capsule per day 
administration. 


MORE EFFECTIVE .. . because of new, non-inhibitory 
intrinsic factor assuring greater B,. absorption to meet in- 
creased needs . . . new, more comprehensive formulation 
with phosphorus-free calcium, Vitamins K and Bey, and 
important minerals and trace elements. 


MORE DEPENDABLE .. . because new Reminder Jar 
stays on her dining table . . . ensures regular daily dosage, 
as prescribed. 


vew 


PRENATAL CAPSULES LEDERLE 


Each capsule contains: 


Vitamin A 4,000 U.S. P. Units 
Vitamin D 400 U.S. P. Units 
Thiamine Mononitrate (B: ) 3 mg. 
Pyridoxine (Bs) I mg. 
Niacinamide 10 mg. 
Riboflavin (Bz) | jeer 2 mg. 
Vitamin Bie 2 mcgm. 
20 mg. 
Vitamin K (Menadione) ......... 0.5 mg. 
0.015 mg. 
Potassium (as K2SO;) ............... 0.835 mg. 
Manganese (as MnOz) 0.05 meg. 
Magnesium (as MgQ) 0.15 mg. 
Molybdenum (as Na2MoO;. 2H:0) 0.025 mg. 
Calcium Carbonate _. _ 575 mg. 


Dosage: one or more capsules daily. 
Supplied: attractive, re-usable bottles of 100 capsules. 


> 
Jederle LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER. NEW YORK 
*Trademark 


L = 
8. 
. 
>. 


83 


“Doctors can’t help shingles?” 


Physicians who have used PROTAMIDE extensively deplore such 


statements as unfortunate when they appear in the lay press. They 
have repeatedly observed in their practice quick relief of pain, 
even in severe cases, shortened duration of lesions, and 
greatly lowered incidence of postherpetic neuralgia when 
PROTAMIDE was started promptly. A folio of reprints is 
available. These papers report on zoster in the elderly— 
the severely painful cases — patients with extensive 


lesions. PROTAMIDE users know “shingles” can be helped. 


PROTAMIDE' 
fherman Leberalories 


Detroit 11, Michigan 
Available: Boxes of 10 ampuls— prescription pharmacies. 
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“care of 


the man 


rather than 


merely his 


stomach”® 


Miltown* anficholinergic 


two-level control of gastrointestinal dysfunction 


at the central level 
The tranquilizer Miltown” reduces anxiety and tension.!*°* 


Unlike the barbiturates, it does not impair mental or 
physical efficiency.*: 


at the peripheral level 


The anticholinergic tridihexethy] iodide reduces 
hypermotility and hypersecretion. 


Unlike the belladonna alkaloids, it rarely produces 
dry mouth or blurred vision.*:* 


indications: peptic ulcer, spastic and irritable colon, esophageal 


spasm, G. I. symptoms of anxiety states. 


each Milpath tablet contains: 


Miltown® (meprobamate WALLACE) 400 mg. 
dicarbamate) 


Tridihexethyl iodide 25 mg. 
(3-diethylamino-1 -cyclohexy]- 1-phenyl-1- propanol- ethiodide) 


dosage: 1 tablet t.i.d. at mealtime and 2 tablets at bedtime. 
available: bottles of 50 scored tablets. 


references: 
1. Altschul, A. and Billow, B.: The clinical use of meprobamate (Miltown®). 
New York J. Med. 57:2361, July 15, 1957. 2. Atwater, J. S.: The ase of anticholinergic 
agents in peptic ulcer therapy. J. M. A. Georgia 45:421, Oct. 1956. 3. Borrus, J. C.: 
Study of effect of weg (2-methy |-2-n-propyl-l, 3-propanediol dicarbamate) on 
psychiatric states. J. A. M. A. /57:1596, April 30, 1955. 4. Cayer, D.: Prolonged 
anticholinergic therapy of ‘duode nal uleer. Am. J. Digest. Dis. 2:301, July 1956. 
5. Marquis, D. G., Kelly, E. L., Miller. J. G.. Gerard, R. W. and Rapoport, A.: 
Experimental studies of behavioral effects of me ae ie on normal subjects. Ann. 
New York Acad. Sc. 67:701, May 9, 1957. 6. Phillips, R. E.: Use of meprobamate 
(Miltown®) for the treatment of emotional disorders. Am. Pract. & Digest Treat. 
7:1573, Oct. 1956. 7. Selling. L. S.: A clinical study of Miltown®, a new ey 

nt. J. Clin. & Exper. Psychopath. 17:7, March 1956. 8. Wolf, S. and Wolff, 

uman Gastric Function, Oxford University Press, New York, 1947. 


WALLACE LABORATORIES 
New Brunswick, N. J. 
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(CHLOROTHIAZIDE} 


an 


EDEMA 


Start therapy with one or two 500 mg. 
tablets of ‘DIURIL’ once or twice a day. 


BENEFITS: 


® The only orally effective nonmercurial agent 
with diuretic activity equivalent to that of the 
parenteral mercurials. 


® Excellent for initiating diuresis and maintaining 
the edema-free state for prolonged periods. 


® Promotes balanced excretion of sodium and 
chloride—without acidosis. 


Any indication for diuresis is an in- 
dication for 'DIURIL’: 


Congestive heart failure of all degrees of severity; 
premenstrual syndrome (edema); edema and toxe- 
mia of pregnancy; renal edema—nephrosis; ne- 
. Senda phritis; cirrhosis with ascites; drug-induced edema. 
Ge: dee May be of value to relieve fluid retention compli- 
cating obesity. 

4 SUPPLIED: 250 mg. and 500 mg. scored tablets 'DIURIL' 
(chlorothiazide); bottles of 100 and 1,000. 


'DIURIL' and 'INVERSINE' are trade-marks of Merck & Co., Inc. 


MERCK SHARP & DOHME 


Division of MERCK & CO., Inc., Philadelphia 1, Pa. 
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HYPERTENSION 


INITIATE 'DIURIL’ THERAPY 

'DIURIL' is given in a dosage range of from 250 
mg. twice a day to 500 mg. three times a day. 

‘) ADJUST DOSAGE OF OTHER AGENTS 

¢~ If the patient is established on a ganglionic block- 
ing agent (e.g., 'INVERSINE') this should be con- 
tinued, but the total daily dose should be :mmed)- 
ately reduced by as much as 25 to 50 per cent. This 
will reduce the serious side effects often observed 
with ganglionic blockade. The dosage of other anti- 
hypertensive medication is adjusted as indicated 
by patient response. 


3 ADJUST DOSAGE OF ALL MEDICATION 
¢ 


The patient must be frequently observed and care- 
ful adjustment of all agents should be made to 
determine optimal maintenance dosage. 


BENEFITS: 
* improves and simplifies the management of hypertension 
« markedly enhances the effects of antihypertensive agents 


* reduces dosage requirements for other antihypertensive 
agents—often below the level of distressing side effects 


* smooths out blood pressure fluctuations 
INDICATIONS: management of hypertension 


Smooth, more trouble-free manage- 
ment of hypertension with ‘DIURIL’ 
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when you encounter 
gastrointestinal 
infections 


4 


respiratory 

miscellaneous 
infections 


Squibb Tetracycline Phosphate Complex 


In your patients, SUMYCIN produces: 1. Superior initial tetracycline blood levels—faster 
and higher than ever before — assuring fast transport of adequate tetracycline to the site 
of the infection. 2. High degree of freedom from annoying or therapy-interrupting side effects. 


Tetracycline phosphate 
complex equiv. to 


Supply: tetracycline HCI (mg.) Packaging: 
Sumycin Capsules (per Capsule) | a2 | 250 Bottles of 16 and 100 
Sumycin Suspension (per 5 cc.) Sa Ae 2 oz. bottles 
Sumycin Pediatric Drops (percc.—20 drops) 100 ___10 cc. dropper bottles 
Sumycin Intramuscular with Xylocaine* 100 1 dose vials 


Squibb Quality—the Priceless Ingredient 


1S A SQUIBB TRADEMARK ASTRA PHARMACEUTICAL PROOUCTS, 


| 
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SQUIBB 


make poor eaters want to 


“COME AND GET IT” 


CYANOCOBALAMIN (CRYSTALLINE VITAMIN By 5) 


REDISOL—vitamin B..—used as a dietary supplement often 

stimulates appetite with consequent weight gain—youngsters 

look forward to their meals again. 

Cherry-flavored REDISOL Elixir (5 meg. per 5 cc.) and solu- 
: ble REDISOL Tablets (25, 50, 100, 250 mcg.) mix readily with 
liquids. 


MERCK SHARP & DOHME 


Redisol is a trade-mark of Merck & Co., Ine. DIVISION OF MERCK & CO., INC., PHILADELPHIA 1, PA. 


PSORIASIS 


Proved Clinically Effective Oral Therapy — 


maintenance regimen may keep patients 
lesion-free. 


COMPLETE LITERATURE AND REPRINTS 
UPON REQUEST. JUST SEND AN Rx BLANK. 
LIPAN Capsules contain: Specially 


prepared highly activated, desiccated 


and defatted whole Pancreas: Thiamin e 
HCl, 1.5 mg. Vitamin D, 500 I.U. Spirt & Co., Inc. 


Available: Bottles 180’s, 500’s. WATERBURY, CONN, 


Copyright 1956 Spirt & Co. 


\ 


NOW 


COUNTERACT 
DEPRESSED 


M. O OD S without stimulation 


nota stimulant 

- without depressive 


nota hypnotic 
Rapid onset of action 
Side effects are 
minimal and easily | 


Composition: Each tablet 
contains 400 mg. 
meprobamate and | mg. 
benactyzine HCl 


Average Adult Dose: 
1 tablet q.i.d. 


WALLACE LABORATORIES, New Brunswick, N.J. Literature and samples on request 
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NEW 
RESEARCH ON 
ERYTHROPOIETIN | 
EXPLAINS 
CLINICAL 
SUPERIORITY OF 


Elucidation of the action of erythropoietin—the 
erythropoietic hormone—provides a clear ex- 
planation for the observations of Holly,' Ausman,’ 
Tevetoglu® and many others who have reported 
that in the common anemias cobalt-iron therapy 
results in a clinical response superior to that pro- 
duced by iron alone. 


Increased Iron Absorption and Utilization—Re- 
cent investigations show that cobalt enhances the 
formation of erythropoietin.’ This hormone in- 
creases the rate of production of new red cells 
which, in turn, increases the rate of both iron 
utilization by the marrow and iron absorption 
from the intestine. ® 


Clinical Application—In simple zron deficiency 
anemia, 89% of patients treated with Roncovite 
exceeded 12 Gm. of hemoglobin per 100 cc., while 
only 33% of the same patients treated with iron 
alone for a comparable period reached this level.” 
In anemia of pregnancy, 98.2% of Roncovite- 


enhances formation 
of erythropoietin 


the newest 
hormone | 


necessary for 
hemoglobin 
synthesis 


increases iron absorption 


increases hemoglobin 
levels 


(MODIFIED FORMULA) 
IN THE COMMON ANEMIAS 


treated patients maintained their hematologic 
status; 63.8% delivered with a hemoglobin of 13 
Gm. per 100 cc. or more.' In anemia of infancy and 
childhood an average hemoglobin level of only 8.7 
Gm. per 100 cc. was attained with iron alone 
while the same patients subsequently reached an 
average hemoglobin level of 11.6 Gm. per 100 cc. 
with Roncovite.® 


Roncovite-MF is the new therapeutic agent based 
on erythropoietin formation which translates this 
new research into the practical utility of full iron 
effectiveness with greatly decreased, better toler- 
ated iron dosage. 


Each enteric-coated, green tablet contains: 


Cobalt chloride, 15 mg. 
Ferrous sulfate exsiccated, 100 mg. 


Maximum adult dosage: 
one tablet after each meal and at bedtime. 
Supplied: Bottles of 100 tablets. 


Bibliography available on request. 


LLOYD BROTHERS. INC. 
CINCINNATI 3, OHIO 
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trouble 


when there’s 
trouble, trouble 
everywhere... 
along her 

G.|. tract 
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Rautensin (the alseroxylon fraction of 
Rauwolfia) offers simple, safe, effective and 
easy-to-manage therapy for the complex 
problem of hypertension. Rautensin produces 
a gradual and sustained dropin blood pressure 
...calms and soothes the anxious patient 
without loss of alertness...slows accelerated 
pulse. Patients on this regimen show marked 
reduction of anxiety with a simultaneous 
increase in intellectual and psychomotor 


efficiency.! 


Avoids ‘Mental CLoudinoss in hypertension therapy 


With the use of the alseroxylon fraction of 
Rauwolfia, side actions **...are either 
completely absent or so mild as to be 
inconsequential” and there is “*...no danger 
of sudden rebound of the blood pressure.’”” 
Furthermore, alseroxylon was found less 
prone to cause mental depression,*and does 
not usually cause drowsiness. Rautensin is 
purified and therefore free of inert dross 
present in the whole root. 


1. Wright, W. T. Jr.; Pokorny, C., and Foster, T. L.: J. Kansas M. Soc. 
57-410, 1956. 

2. Terman, L. A.: tlinois M.J. 3:67, 1957. 

3. Moyer, J. H.; Dennis, E., and Ford, R.: Arch. Int. Med. 96:530, 1955. 


Rautensin’ 


The purified alkaloid complex of Rauwolfia with total therapeutic activity—minimal side effects. 
Each tablet contains 2 mg. purified Rauwolfia serpentina alkaloids (alseroxylon fraction) 


SMITH-DORSEY « Lincoln, Nebraska « A Division of The Wander Company 
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fmore certain 


In view of its higher blood levels... it appears 
that tetracycline phosphate complex would be 
more ettective [than tetracycline HCI] in treat- 


ing infections due to susceptible organisms."'* 
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Suits every tetracycline need toa 


| 
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Typical comments from clinical investigators 


“The advantages of higher blood and tissue levels of tetracycline in 
combating infections with susceptible bacteria are significant.”' 


“All patients with infections caused by tetracycline-sensitive or- 
ganisms responded satisfactorily to tetracycline phosphate com- 
plex therapy.”° 


“The increased serum levels obtained with it [tetracycline phos- 


9 996 


phate complex] may be considered a ‘safety factor’. 
“Tt effectively controlled the pyogenic component. . 


“Side effects were infrequent and mild.. .”* 


THE ORIGINAL TETRACYCLINE PHOSPHATE COMPLEX 


®) 


THE ORIGINAL TETRACYCLINE PHOSPHATE 


Faster, higher tetracycline serum levels 


for more certain control of infection.”**”""*" 


Significant serum levels for 24 hours on a single 
dose of Tetrex Intramuscular (250 mg.)*” 


A single, pure antibiotic (not a mixture.) 
B.i.d. or q.i.d. dosage equally effective orally."**" 
Clinically “sodium-free.””* 


A dosage form for every tetracycline need. 


References: 1. Cronk, G. A., Naumann, D. E., and Casson, K.: Fifth 
Annual Symposium on Antibiotics, Washington, D. C., Oct. 2-4, 1957. 
2. Dube, A. H.: Ibid. 3, Portney, B., Draper, T., and Wehrle, P. F.: 
Ibid. 4, Shidlovsky, B. A., Prigot, A., Maynard, A. de L., Felix, A. J., 
and Hjelt-Harvey, I.: Ibid. 5, Cronk, G. A., and Naumann, D. E.: 
Ant. Med. & Clin. Ther. 4:166, 1957. 6. Prigot, A., Shidlovsky, B. A., 
and Felix, A. J.: Ibid. 4:487, 1957. 7, Pulaski, E. J., and Isokane, R. K.: 
Ibid. 4:408, 1957. g, Putnam, L. E.: bid. 4:470. 1957. 9, Rein, C. R., 
and Fleischmajer, R.: Ibid. 4:422, 1957. 19. Welch, H., Lewis, C. N., 
Staffa, A. W., and Wright, W. W.: Ibid. 4:215, 1957. 11, Pulaski, E. J.: 
Practitioner 179:465, 1957. 


“...an improvement and ultimate replacement 
for the older tetracycline hydrochloride.” 


variety of 
2 capsules (500 mg.) including: 
b.1.d. provide 
safe, effective, A single (250-mg.) I.M. 
time-saving therapy adult dose produces 
for adults significant 

24-hour serum 
pneumonia, 

levels acute bronchitis, 
pharyngitis, 
sinusitis, 

C septic sore throat, 
whooping cough. 
pyelonephritis, 
pyelitis, 
cystitis, 
prostatitis, 
urethritis. 

“ive groups of investigators who administered TETREX to bacillary and 

196 patients with a wide variety of infections reported amebic en. 
-xcellent therapeutic results, with a remarkably low inci- gastroenteritis. | 
lence of side effects.'"***** As one group reported: “All 

yatients infected with tetracycline-sensitive organisms re- 

jponded satisfactorily to therapy.”' In only 8 patients 

‘0.8% ) of the 996 were side effects such as to require furunculosis, 
liscontinuance of therapy. pustular dermatoses, 


As the need arises — a suitable dosage form: Tetrex Capsules 
250 mg.), Tetrex Pediatric Capsules (100 mg.), Tetrex Intra- 
nuscular (250 mg.) with Xylocaine*, Tetrex Intramuscular (100 
ng.) with Xylocaine*, Tetrex-APC with Bristamin. 


Also Available: Tetrex Syrup and Tetrex Pediatric Drops (tetracy- 
sline syrup, phosphate buffered.) 


*® of Astra Pharm. Prod. Inc. for lidocaine. 


ir istol LABORATORIES INC., Syracuse, N.Y. tion of gastrointestinal 


typhus fever, 

Rocky Mountain 

spotted fever, 

trachoma, 

lymphogranuloma 

psittacosis. 

ract. deliver un- 

sterile fields. 


‘my indispensable source for 
new drug descriptions” 
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“\CYCLOPEDIA 


"HERAPEUTIC 
INDEX 


MODERN 


UXUGS 


MODERN DRUG 
ENCYCLOPEDIA 


AND THERAPEUTIC INDEX 


with FREE 3-YEAR bi-monthly supplement service, MODERN DRUGS 


Edited by Epwn P. 
JORDAN, FAC?P. 
University of Virginia 


Medical School, Char- SCRIPTION DrRuGs and the 


lottesville, Virginia. 


More than 70 % of the pre- 


% INDEXED to save you time. 
Therapeutic, Drug, Manufac- 
turer’s and new Generic Name 
Indices plus self-pronouncing 
drug listings. 

% COMPLETE, authoritative, 
continuing service for 3 years— 
New 7th Edition plus 18 bi- 
monthly MODERN DruGs Sup- 
plements—all for $17.50. 


% ATTRACTIVELY BOUND in 
durable red cover stock. Ap- 
prox. 1500 pages. Size 6” x 
9 4" x 214". 


scriptions written today 
call for new drugs intro- 
duced within the past 3 
years. It’s imperative that 
your drug reference be 
complete, dependable, cur- 
rent and up-to-date. Here 
is your authority on Pre- 


DRUG PUBLICATIONS, INC. 


| Remittance Enclosed 


new Narcotic CLaAssIFI- 
CATIONS—your up-to-the- 
minute source for latest 
composition or descrip- 
tion, action, use, supply, 
dosage, caution and ad- 
ministration data on more 
than 4,000 drugs. 


“ORDER THIS 3-YEAR SERVICE TODAY--------- 


11 East 36th Street, New York 16, New York 


") Please send me the 7th Edition MODERN DauG ENCYCLOPEDIA and Therapeutic 
Index, plus bi-monthly MODERN DeuGs Supplements for 3 years—all for $17.50*. 
7 Send along Binder for MODERN DauGs Supplements — $2.50. 


_ Bill me loter 


City 


Zone Stote 


*$17.50 in Foreign, $21.00 
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PHTHALYLSULFATHIAZOLE 


e By suppressing intestinal pathogens, SULFATHALIDINE 
, minimizes a major danger in bowel surgery. 
e Since SULFATHALIDINE is virtually nonabsorbable, its 

antibacterial effect is concentrated in the gut. 

e SULFATHALIDINE has specific value as an adjunct in ulcerative colitis. 


Available as 0.5 Gm. tablets in bottles of 100 and 1000—also as 
CREMOTHALIDINE®, a palatable suspension of SULFATHALIDINE. Each 
30 ec. (1 fluidounce) contains 6.0 Gm. SULFATHALIDINE, 


A MERCK SHARP & DOHME 


Sulfathalidine is a trade-mark of Merck & Co. Inc. DIVISION OF MERCK & CO., Inc., PHILADELPHIA 1, PA. 


REPRINT ORDER FORM 


THE AMERICAN JOURNAL OF MEDICINE 
11 East 36th Street, New York 16, N. Y. 


Please send me the following Seminars reprinted from THE AMERICAN 
JoURNAL OF MEDICINE: 


|] GASTROINTESTINAL PHYSIOLOGY $2.00 
|} BLoop CoaGuLATION $2.00 
Anti HyPerTENSIVE Drucs $2.00 
HemMotytic ANEMIAS $2.00 
CARBOHYDRATE METABOLISM $2.00 
ALLERGY $2.00 
|] DIsEASES OF THE PANCREAS $2.00 
(} Bone DISEASES $2.00 

Enclosed is my check 

Name 

Address—— 


City State 
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FIRST—clinically confirmed for better management 
of psychotic patients 


NOW-— clinically confirmed as an improved 
antiemetic agent 


VESPRIN 


azine 


PROMPT, POTENT and LONG-LASTING ANTIEMETIC ACTIVITY 


Clinical investigators* report that in clinical studies 


After In Chronic In Infections, In In 
Post: Nitrogen Nausea and | Intraabdominal | Neurosurgical Pernicious 
operatively Mustard Vomiting Disease, and Diagnostic Vomiting of 
Therapy Carcinomatosis Procedures Pregnancy 
VESPRIN 


® showed potent antiemetic action 

® completely relieved nausea and vomiting in small 
intravenous doses 

® showed a prolonged antiemetic effect 

® caused little or no pain at injection site 

® controlled chronic nausea and vomiting in 
orally administered doses 

= produced relief in cases refractory to other antiemetics 

® often markedly depressed or abolished the gag reflex 

® terminated with singular effectiveness the hard-to-control 
nausea and vomiting common to nitrogen mustard therapy 

® provided superior prophylaxis against the nausea and 


vomiting associated with pneumoencephalography 
*Reports to the Squibb Institute for Medical Research 


antiemetic dosage: /ntravenous rowte—2 to 10 mg. for therapy or prophylaxis 
Intramuscular route—5 to 15 mg. for therapy or prophylaxis 
Oral route—Prophylactic doses may range from 20 to 30 mg. daily 


supply: Parenteral Solution—1 cc. ampuls (20 mg./cc.) 
Oral Tablets—10 mg., 25 mg., 50 mg., in bottles of 50 and 500 


Squibb Quality—the Priceless Ingredient 
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electrocardiograph 


Everything you need for taking an accurate, permanent, directly- 
recorded electrocardiogram is now available in a “‘package”’ the 
size of a portable typewriter, and that weighs only 18 pounds! 
This is the new Model 300 VISETTE — a completely modern, 
transistorized ECG recently introduced by Sanborn Company. 
The unique design has made possible for the first time a clinically 
accurale instrument that is /ruly compact and fully portable. 

By actual use — in your own examining room, in your patient’s 
ey home, at a hospital — you can discover the Visette’s value and 
_*}.. portability. Convenience of use, greater ease of operation — and 
fo, even simpler, faster servicing, should the need arise — comprise 
the design concept of this new Sanborn instrument. 

A comprehensive folder describing the Model 300 VISETTE 
electrocardiograph is available on request. Or call the Sanborn 
Company Branch Office or Service Agency in your locality for a 

18 ths demonstration in your office — to see for yourself the advantages 
$625 oe | of owning the ECG that “brings ’cardiography to your patient.” 


continental USA 


The established Sanborn Model 51 Viso-Cardiette is also 
evoilable for those who prefer a lorger, heavier (34 Ibs.) 
instrument — $785.00, delivered. Many doctors use their 
“51 Viso” in the office and the Visette on “cardiograph colls.” 


SANBORN COMPAN Y 


MEDICAL DIVISION 
175 Wyman Street, Waltham 54, Mass. 
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FURADANTIN® INTRAVENOUS SOLUTION 


often rapidly effective: 


in systemic infections such as septicemia (bacteremia), peri- 
tonitis, and other bacterial infections as of postoperative 
wounds and abscesses, when the organism is susceptible to 
FURADANTIN ; in severe genitourinary tract infections when 
the patient is unable to take FURADANTIN by mouth. 


FURADANTIN I.V. has proven dramatically effective—often 
lifesaving—even in infections which failed to respond to 
other antibacterials. It has been administered to adults and 
children alike without serious toxic effects. 


FURADANTIN I.V. solution is dissolved aseptically in a sterile 
diluent at room temperature, just prior to use by intravenous 
drip only. Full dosage instructions and discussion of indi- 
cations and side effects are enclosed in each package. 
FURADANTIN I.V. is now available to all hospital pharmacies. 


NITROFURANS—a new class of antimicrobials— 
O,N re neither antibiotics nor sulfonamides 


° EATON LABORATORIES, NORWICH, NEW YORE 


only the different 


formerly Pr S nt ra Sl he 


vasodilator - calmative 


treats both effort and emotion induced angina pectoris 


PENTRALINE inhibits precipitating stimuli... helps reduce the severity and frequency of 
angina attacks through the complementary action of its three components: 


Pentaerythritol Tetranitrate—10 mg. Best of the long-acting coronary vasodilators.! 
BUTISOL SODIUM® Butabarbital Sodium—10 mg. “Intermediate sedative” ideally suited to 
long-term therapy.” 

Reserpine—0.05 mg. Effective adjunct in the management of angina pectoris.* 


Suggested Dosage: One tablet four times a day before meals and at bedtime. 


Note: PENTRALINE is not intended for treatment of acute attacks of angina pectoris, but rather for routine 
daily use as a preventive measure. 


References: (1) Russek, H. 1.; Zohman, B. L.; Drumm, A. E.; Weingarten, W., and Dorset, V. J.: Circulation 
12:169, 1955. (2) Dripps, R. D.: J.A.M.A. 129:148 (Jan. 15) 1949. (3) Dietz, G. W.: Am. Pract. & Digest 
Treat. 6:1872, 1955. (4) Lewis, B. I.; Lubin, R. I.; January, L. E., and Wild, J. B.: Circulation 14:227, 1956. 


* TRADE MARK 


McNEIL LABORATORIES, INC * PHILADELPHIA 32, PA. 


DIAGNOSTIC 
APPLICATIONS 


Contents 


How to establish your radioactive isotope program 
Evaluation of thyroid function using radioiodine 
Studies of kidney function with radioactive diodrast 


Estimation of cardiac output with radioiodinated 


Evaluation of liver function with radioactive rose bengal 


Blood and plasma volume measurements using 


Measurement of red cell mass with radiochromium 


Diagnosis of pernicious anemia with radiocobalt Vitamin B:: 


Fat digestion and absorption with radioiodine 


Scanning body areas for radioisotope concentrations . 


Published and copyrighted 1956 by Nuciear Chicago Corporation 
223 Erie Street, Chicago 10. llinow 


We will be happy to send you this new ) 


brochure outlining typical procedures and NUCLEAR-CHICAGO CORPORATION | 
instrumentation required for the most 253W. Erie St., Chicage 10, Illinois 
important clinical radioisotope studies. Just ae 
mail the coupon. No obligation, of course. |! Please mail me a copy of “Diagnostic Applications of 


| Radioactive Isotopes.” 


(Name) 


nuclear - chicago 


cow fF fF Oo 


© 
253 WEST ERIE STREET CHICAGO 10, 


(Address) 
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Doctor , do you feel that your colleagues are miss- 
ing important new medical findings by not 


reading The American Journal of Medicine? 


Let us send them a complimentary copy—of 
course there is no obligation to you or your 
colleagues. Just fill out the coupon and mail 


it to us. 


Dr. Dr. 


Address Address 


Dr. Your Name 


Address Address 


M-3/58 


The American Journal of Medicine 
11 East 36th Street, New York 16, New York 
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Following the establishment of desired eating patterns—the main- 
tenance of the acquired habits is most important. Here, Obedrin and the 
60-10-70 Plan can be valuable aids to both the physician and patient. 


Obedrin provides: 


Methamphetamine for its proven anorexigenic and mood- 
lifting effects. 


Pentobarbital as a balancing agent, to guard against 
excitation. 


Vitamins B, and B, plus niacin to supplement the diet. 
Ascorbic acid to aid in the mobilization of tissue fluids. 


Formula: 

Semoxydrine® 

(Methamphetamine HC!) _. =. mg. 


1. Bisfelder, H.W.: Am Pract. & Dig. Treat. 5:778 
(Oct. 1954) 


2. Freed, S.C.: G.P. 7:63 (1953) 
3. Sherman, R.J.: Medical Times, 82:107 (Feb. 1954) 


Obedrin tablets provide a flexible dosage form which may be 
prescribed to depress the appetite at peak hunger periods. 
The pentobarbital content assures minimal central nervous 
stimulation, and the 60-10-70 Basic Plan provides for a balanced food 
intake with sufficient protein and roughage. 


Bristol, Tennessee « New York e Kansas City e San Francisco THE S. r. MASSENGILL COMPANY 


: 
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antispasmodic + sedative 


quiets “nervous,” spastic stomachs—with the efficient 
sedation of BUTISOL SODIUM® butabarbital sodium 
10 mg. and the antispasmodic effect of natural extract of 
belladonna 15 mg. (per tablet or 5 cc.) 


BUTIBEL TABLETS / ELIXIR, 
PRESTABS®BUTIBEL R-A 
(Repeat Action Tablets) 


LABORATORIES, INC. 
Philadelphia 32, Pa. 


stomach 


3 

4 


a Add 4 drops serum or plasma 
to one PHOSPHATASB tablet 
in special tube. 


Crush tablet. 


3. Let stand at room 
temperature 12-30 minutes. 
(time from chart) 


4. Add 1 drop 
of color developer: mix. 


For the First Time: STAT ASSURANCE 
in These Common Diagnostic Problems: 


5. Compare color. 
Uncertain bile duct involvement 


Questionable retained stones in the hile duct 


Obscure neoplasms of liver, bone or pancreas 


Threatened jaundice from tranquilizers 


PHOSPHATABS 


(alkaline) with Teswells 


For rapid economical semi-quantitative alkaline phosphatase levels 
For further information, write to: WARNER-CHILCOT T 


MORRIS PLAINS WN J 
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Emotional 
stabilization 


In Asthma and Other Allergic Diseases 


..ATARAXOID adds control of 
anxiety and tension 


...ATARAXOID adds control of 
anxiety and tension 


the original 
tranqutltzer- 
corticoud 


...omly ATARAXOID provides 
ATARAX, the unique, dependable 
tranquilizer 


Clinical 


control 


... tranquilization potentiates cor- 
ticoid effect for greater response 


... tranquilization eliminates or 
minimizes anxiety-induced exacer- 
bation, aggravation or relapse for 
superior control 


...dependable tranquilization 
achieves more consistent enhanc- 
ing effect 


... proved by marked success in 97 
per cent of 735 cases* 


Dosage 
levels 


...corticoid requirements are often 
markedly reduced 


... tranquilizer enhancing effect 
frequently permits lower corticoid 


dosage 


... tranquilizer dosage levels are 
the lowest 


... More dependable tranquilization 
often allows lower corticoid dosage 


Toleration 


...corticoid side effects are sig- 
nificantly reduced or eliminated 


...Mo antihistamine sedation or 
other side effects 


... fewer corticoid side reactions 


... tranquilizer control is the safest 
—no report of blood dyscrasia or 
bone marrow aplasia in 735 cases 
— free of mental “fogging” 


_..more consistent reduction of 
corticoid complications 


... tranquilization promotes active 
cooperation 


Ataraxoid 5.7 


scored preen fabie's 


PFIZER LABORATORIES 


... tranquilization promotes active 
cooperation 


Ataraxoid 25 


*apiets 


O 


for greater Hexthility of dosage 


...feliable, uncomplicated tranquil- 
ization means better cooperation 


Ataraxoid 1.7 


scored orchid tablets, 


Omg prednisolone ang 
2 nydroxyzine HC! 
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make poor eaters want to 


“COME AND GET IT” 


(CRYSTALLINE VITAMIN By») 


CY ANOCOBALAMIN 


REDISOL—vitamin B..-—used as a dietary supplement often 
stimulates appetite with consequent weight gain—youngsters 
look forward to their meals again. 

Cherry-flavored REDISOL Elixir (5 meg. per 5 cc.) and solu- 
ble REDISOL Tablets (25, 50, 100, 250 mcg.) mix readily with 
liquids. 


\ 
MERCK SHARP & DOHME 


DIVISION OF MERCK & CO., Inc., PHILADELPHIA 1, PA, 


Redisol is a trade-mark of Merck & Co., Inc. 


In Angina Pectoris 


The Attacks Lessen and 
The Patient Loses His Fear 


FFECTIVE control of angina 
pectoris requires the 
several actions of Pen- 
oe toxylon. In addition to sus- 
tained coronary vasodilatation 
Pentoxylon provides relief of 
anxiety, a pleasant tranquilizing, 
fear-lessening effect, and a pulse- 
slowing action, all desirable in 
management of the anginal patient. 


DOSAGE: One to two tablets q.i.d. 
before meals and on retiring. 


Reduces incidence attacks 
e Reduces severity of attacks 


e Reduces or abolishes need for fast-acting 
vasodilating drugs 


e Reduces tachycardia 


e Reduces blood pressure in hypertensives, 
not in normotensives 


e Increases exercise tolerance 

« Produces demonstrable ECG improvement 
Exceptionally well tolerated 

e Minimal side actions 


LOS ANGELES 
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MY DAD~ bay HURT HI? BACK REAL BAD 


"It happened 
at work 
while he 


TABLETS 
"He told ACTS FASTER. 
shoulder 
T N 
felt like Lasts > Ce 
it was on | 
fire" MORE THOROUGH RELIEF. 


RARELY CONSTIPATES” | 


NEW 


Percodan- 


"He couldn't 
swing a bat 
without 
hurting” 


"But Doctor 
gave him VERSATILE 
some nice | | 
pills --and 
the pain 
went away 


fast" 


"Dad said 
we'd play 
| 


tomorrow ENDO LABORATORIES 


when he 
comes home" 


AND THE PAIN 
WENT AWAY FAST 
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Blood Cholesterol 
Regulation 
Is Desirable 


Patients with hypertension develop atherosclerosis more rapidly and at a younger 
age than people with normal blood pressure.' It is also known that clinical hyper- 
cholesteremia is associated with increased atherosclerosis* and that many hyper- 
tensives show elevated cholesterol levels.’ For example, in one study including 
120 patients with high blood pressure, hypercholesteremia was found in 44°; of 
the hypertensive group.’ 


The consensus of opinion today is that elevated cholesterol levels should be 
reduced or prevented, and it has been amply demonstrated that this can be done 
very well by adding linoleic acid and vitamin B, to the diet. In scores of patients 
with hypercholesteremia, and particularly in patients with vascular disease, diets 
high in linoleic acid produced improvement.‘ Vitamin B, is apparently necessary 
to convert linoleic acid into the primary essential fatty acid, arachidonic acid. 
Thus the body is dependent on an intake of both linoleic acid and vitamin B, 
for normal cholesterol levels.*:’ 


This is why ARCOFAC (Armour Cholesterol Lowering Factor) provides both 
linoleic acid and vitamin B, in adequate amounts. As little as one dose a day 
lowers high blood cholesterol while allowing the patient to eat a balanced, 
nutritious and palatable diet. 


Each tablespoonful (15 ml.) of Arcofac emulsion 
contains: 
(measured as linoleic) with 2.5 I.U. of Vitamin E* 
Pyridoxine hydrochloride (Vitamin B,)...0.6 mg. 


t+ Derived from safflower oil which contains the highest 
concentration of unsaturated fatty acids of any com- 
mercially available vegetable oil. 

* Added as Mixed Tocopherols Concentrate, N.F. 


References 1-7 from the 1956-57 literature supplied on request. 


Arcotac 


Armour Cholesterol Lowering Factor 


THE ARMOUR LABORATORIES 
A DIVISION OF ARMOUR AND COMPANY + KANKAKEE, ILLINOIS 
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the path to 


effective ulcer therapy 


with few side effects 


Effects of anticholinergic drugs on peptic ulcer’ 


Atropine Anticholinergic Anticholinergic PaTHiton 


Daily Dose 1.6 mg. 400 mg. 120 mg. 200 mg. 
No. patients and 27° 16” 21 
length of follow-up 11 mo. 13 mo. 9 mo. 11 mo. 
Results: 

Good to excellent 51% 74% 56% 76% 

Fair to poor 49% 26% 44% 24% 
Recurrences 

None 16% 22% 13% 19% 

Few 46% 48% 50% 57% 

Same 38% 38% 38% 24% 
Complications: 

Hemorrhage 5% 7% 19% 9.5% 

Perforation 0% 4% 0% 0% 

Obstruction 0% 4% 0% 0% 

Surgery needed 3% 4% 6% 0% 
Side effects: 

| 38% 78% 25% 14% 
Visual 11% 48% 6% 0% 
Sphincter 11% 15% 0% 0% 


Available in three forms: tablets of 25 mg., plain (Pink) or with 
phenobarbital, 15 mg. (Blue), and parenteral, 10 mg./cc.—1 cc. ampuls. 

Parenterally, 10 to 20 mg. every 6 hours. 
Also available: PATHIBAMATE®** Meprobamate with PATHILON 
for gastrointestinal disorders and their “emotional overlay.” 
1. After Cayer, D.: anticholinergic therapy of 
duodenal ulcer, Am. J. Dis. 1:301 (July) 
Reg. U.S. Pot. OC. 


Tridihexethyl lodide LEDERLE 


cverie LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK 
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YCLOTHERAPY 


a new CONC epl mn 


dynamic phi ysiothera py 


MG, Basic Cyclotherapy units are therapeutic. 
appliances that release a gentle multi-directional, small 
amplitude, deeply penetrating cycloid force which 
rs “radiates” through the soft tissues as well as the bony 
oii 2891 structure of the body. The action, 


purely physical in 


nature, has been widely reported to help decrease 


yy muscle spasm of a variety of types and decrease pain 
ase Ls “”, associated with muscle spasm. It also helps to relieve 
nervous tension and encourage natural deep sleep. 
essence, Cyclotherapy is a non-specific muscle 
7 relaxant having analgesic properties with reference to 
pain associated with muscle spasm. It also has 
non-specific sedative properties .. . 


nervous persons. 


been submitted to critical clinical 


so useful in tense, 


This new, dynamic, easy-to-apply, physical aon has 


evaluation, and has 


been found to aid in relaxing muscle spasm in a variety 
of syndromes, and more particularly, in relieving muscle 


spasm and pain associated with chronic arthritis, 


suggest you write 


or mail the coupon 


CYCLOTHERAPY, INC. 

Dept. AJ M-358 

11 E. 68th St., N.Y.21, 

Without being placed eet ‘alienation, would appreciate details on 
Niagara Cyclotherapy Units. 


NAME 
ADDRESS 
CITY i STATE 


‘4 bursitis, and fibrositis. These same studies reveal 
Should you desire that Cyclotherapy is also sedative in character . . helping 
more detailed information, to decrease nervous tension and encourage sleep in 

most people. 


Professional 


Cyclotherapy Units 
available through 
Cyclotherapy, Inc. 
11 East 68th Street 
New York City, N.Y. 
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“Premarin’’ with Meprobamate 


Each tablet contains 0.4 mg. “Premarin,” 200 mg. meprobamate. 


PMB (‘‘Premarin” with Meprobamate) is an ideal 
preparation for the control of the menopausal syn- 
drome when undue emotional stress is a complication. 
When these symptoms are relieved, therapy is resumed 


with ‘‘Premarin” alone. 


Simple to prescribe as merely PMB 


_/ Supply: No. 880, PMB-200, 
bottles of 60 and 500. 


Also available 


= No. 881, PMB -400 (“Premarin” 0.4 mg. with 


meprobamate 400 mg.), bottles of 60 and 500, 


AYERST LABORATORIES «. NEW YORK 16, N. Y. « MONTREAL, CANADA 


, re “Premarin”. conjugated estrogens (equine) Meprobamate, licensed under U.S. Pat. No. 2,724,720 


Ve : 
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The NEW potency 


of “Premarin” with Meprobamate 


physicians requested 


The combination of 0.4 mg. “Premarin” and 200 mg. 
meprobamate —a new potency — may be prescribed 

simply as PMB-200. 

The new potency, PMB-200, enables you to attune therapy 
to the needs of your patients in the menopause 

who require extra relief from anxiety and tension, in addition 
to estrogen therapy. PMB-400 (0.4 mg. “Premarin” 

and 400 mg. meprobamate) continues to be available. 


When emotional lability has been stabilized, and stress 
symptoms controlled, therapy may be continued 
with “Premarin” alone. 


Write simply 


Ayerst Laboratories + New York 16,N.Y. « Montreal, Canada 


S ““Premarin®’ conjugated estrogens (equine) Meprobamate licensed under U.S. Pat. No. 2,724,720 


anginaphobia: must anger cause angina? 


Fear of anginal attack may cause a patient to simmer in 
repressed hostility — potentially as harmful as blowing off steam. 


Remove the fear factor by lowering the anginal attack rate. Peritrate, 
a long-acting coronary vasodilator, reduces the frequency and severity 
of attacks, lessens nitroglycerin dependence, increases exercise tolerance. 


For the unduly apprehensive patient (especially early in treatment), 
Peritrate with Phenobarbital relieves tension without daytime drowsiness. 


Usual dosage: 20 mg. of Peritrate before meals and at bedtime. 


Peritrate 


WARNER CHILC OWT T 
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debilitated 


» elderly 

diabetics 

* infants, especially prematures 
* those on corticoids 


* those who developed moniliasis on previous | 
broad-spectrum therapy | 


* those on prolonged and/or 
high antibiotic dosage 


* women—especially if pregnant or diabetic | 


the best broad-spectrum antibiotic to use is 


YSTECLIN-V 


Squibb Tetracycline Phosphate Compiex (Sumycin) and Nystatin (Mycostatin) Sumycin plus Mycostatin 


for practical purposes, Mysteclin-V is sodium-free 


for “built-in” safety, Mysteclin-V combines: 


' Tetracycline phosphate complex (Sumycin) for superior 
initial tetracycline blood levels, assuring fast transport of 
adequate tetracycline to the infection site. 


2 Mycostatin—the first safe antifungal antibiotic—for its 
specific antimonilial activity. Mycostatin protects 

many patients (see above) who are particularly prone to monilial 
complications when on broad-spectrum therapy. 


MYSTECLIN-V PREVENTS MONILIAL OVERGROWTH 


Capsules (250 mg./250,000 u.), bottles 
of 16 and 100. Half-Strength Capsules 
(125 mg./125,000 u.), bottles of 16 
and 100. Suspension (125 mg./125,000 
u.), 2 oz. bottles. Pediatric Dropa (100 
mg./100,000 u.), 10 ce. dropper bottles. 


Squibb Quality— 
the Priceless Ingredient 


“MYSTECLIN, YCOSTATIN’,.© AND “SUMYCIN’ ARE TRADEMARKS 


| 
WHEN 
YOU TREAT | 
| INFECTIONS 
IN PATIENTS 
AS THESE , 
| 
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“This substance [Vitamin Kj] 
has added greatly to the 


safety of anticoagulant therapy” 
reverse hypoprothrombinemia 
VITAMIN Kj 


the only available preparation chemically identical with naturally-occurring: vitamin K;... 
“has a more prompt, more potent and more prolonged effect than the vitamin K analogues” 


fy anticoagulant effects: 5 to 10 mg) 15 to 25. | 
action. Intravenously, for antigoagulant-induced bleeding 


10 to 50 mg.; may be ats as ad by prothrombin time 


Supplied: Tablets, 5 mg., bottles: of 100. . 
tains 50 mg., boxes of 6 ampuls. 7 


Other indications: To normalize surgery, in» 

obstructive jaundice, hepatic disease, impaired gastrointestinal absorption, 

deficiency of ¥itamin K in the newborn, and following the administration 
al of antibiotics; sulfonamides, and salicylates. ‘Mephyton® is a valuable 
a addition to the physician’s bag for emergency use. , 


MERCK SHARP & DOHME 
DIVISION OF MERCK & CO., Inc., PHILADELPHIA 1, PA. 


Mephyton is a trade-mark of MERCK & CO., inc. 


Wright, I. S.: Early use of anticoagulants in treatment of myocardial infarction, J.A.M.A. 163: 918-921, March 16, 1957. 


1. 
2. Council on Pharmacy and Chemistry: New and Nonofficial Remedies, Philadelphia, J. B. Lippincott Co., 1956, p. 505. 
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Keep 


the “reducer 


OBESITY 


means help 


® For those who eat too much 


@ For those who are depressed 


*Methedrine’ dispels abnormal craving 
for food, subtly elevates the mood. 


*‘Methedrine”® brand Methamphetamine 
Hydrochloride Tablets 5 mg., scored 


BURROUGHS WELLCOME & CO. (U.S. A.) INC., Tuckahoe, New York 
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CONCLUSIONS: 


after 2 years of extensive 
clinical use of. 


DESITIN 


OINTMENT 


“it has Tultilled better 
than any previously 
(ried medicaments 
all the qualifications: 
expected OF a 
nroctologic ointment’ 


@ Specially formulated for pro- 
longed, unusual efficacy in reliev- 
ing pain, itching, irritation and 
inflammation in non-surgical 
HEMORRHOIDS, PRURITUS ANI, 
FISSURES, PERIANAL DERMATITIS, 
PAPILLITIS, etc. Non-sensitizing. 


Formula: RECTAL DESITIN OINTMENT 
contains high grade Norwegian cod 
liver oil, zinc oxide, lanolin, talcum, 
sodium lauryl sulfate, petrolatum q.s. 
Does not contain local anesthetics, 
narcotics, or “caine” drugs which 
might mask serious anorectal dis- 


“promotes 

_your prescription smootn epithelization 
sranulation tissue and 


Available on 


DESITIN CHEMICAL COMPANY, eRovinence 4 
RECTAL DESITIN OINTMENT te be confused with regular DESITIN: OINTMENT 


1. Spiesman, M. G. and Malow, L.: Amer. J. Proctology, June 1956. 
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e Angiography 


e Intravenous 
and 
retrograde 
urography 


Versatile radiological agents with 
an unexcelled degree of safety 


RENOGRAFIN 


Squibb Contrast Media 
® well tolerated systemically and locally 
e consistently good visualization 
® convenient concentrations, in easily administered form 


RENOGRAFIN 76% RENOGRAFIN 60% RENOGRAFIN 30% 


for intravenous urography and for intravenous urography and 


angiography. Ampuls of 20 cc., 
with 1 cc. ampul for sensitivity 
testing. Each cc. contains 760 
mg. of sodium and methyigiu- 
camine diatrizoate. 


1s « SQUIBB TRADEMARK 


angiography. Ampuls of 25 cc., 
with 1 cc. ampul for sensitivity 
testing. Each cc. contains 600 
mg. of sodium and methyigiu- 
camine diatrizoate. 


SQUIBB @ Squibb Quality —the Priceless Ingredient 


for retrograde pyelography. 
Rubber-capped vials of 50 cc. 
Each cc. contains 299 mg. of 
sodium and methyliglucamine 
diatrizoate. 
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65 patients 


CLINIQUICK 


CLINICAL BRIEFS FOR MODERN PRACTICE Ay 


should a non-diabetic, 
transient glycosuria ever be 
considered unimportant? 


Never. A patient showing even a mild transient glycosuria should 
be observed for years as a diabetic suspect. * 


Ultimate diagnosis on 126 patients with a previous transient mild 
glycosuria. Twenty diabetics were discovered 5-10 years after a 
recorded glycosuria— 10 diabetics after more than 10 years.* 


*Murphy, R.: Connecticut M. J. 2/:306, 1957. 


C0 LO R CA LI B R ATE D CLI NITE BE Recosnt Tablets 


the STANDARDIZED urine-sugar test 
for reliable quantitative estimations 


¢ full color calibration, clear-cut color changes 

« established “plus” system covers entire critical range 

« standard blue-to-orange spectrum long familiar to diabetics 
* unvarying, laboratory-controlled color scale 


(ay AMES COMPANY, INC «+ ELKHART, INDIANA 


Ames Company of Canada, Ltd., Toronto asas7 


DIABETES FOLLOWING TRANSIENT GLYCOSURIA* 

— diet alone 

27 patients 

(21%). 

Diabetes 

Potential —on insulin 
‘Diabetes — 18 patients 

16 patients (14%) 
(52%) 


Many such hypertensives 


have been on 
aw 


No Tolerance Development 
Lower Incidence of Depression 


just two tablets 


% 


ALSEROXYLON, 2 MG. 


For gratifying Rauwolfia response 
virtually free from side actions 


ex _ When more potent drugs gs are needed, prescribe 


Rauwiloid? Vew 
for moderate to severe hypertension. 
Initial dose 1 tablet t.i.d., p.c. 


tle, ond 250 me, 
in severe, otherwise intractable hypertension. 
Initial dose % tablet q.i.d. 
Both combinations in convenient single-tablet form. 
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